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GENERAL INTRODUCTION

How succeeding generations of a plant species persist
in natural populations in almost same number in spite of its
enormous offspring prbduction; pricked to Darwin as far back as
1859, who questioned, "Look at a planf in the midst of its -
range, why does it not double or quadruple its number?h In
fact a species population has innaté potential to increase in
éize geometrically as a result of 'the passion between the
sexes' (Malthus, 1798). But.this potential is never realized
in nature, and often the pépulation of a .species tends to remain
-constanf showing‘fluétuations around mean value. This indicates
that certain limitations are imposed by the environment, which
either reduce the-birth rate or ehnahce the death rate. The
envirohmental.faqtors that»uSually'controlAthe population growth
and structure irrespecfivexof aensity are thé available
resources, climatic condltlons, populatlon interaction, disease
etc, Besides, the den51ty-1nduced regulation of populatlon ‘
size also occurs. Although attempts have been made to under-
stand and quantify the effect of~éensity-dependen£ and density-
indepéndent:factors on the'popuiétion growth of plant specles,
(Sukatchev, 1928; Tadaki & Shedegi, 1959; Yoda et al., 1963;
White & Harper, 1970; Myerscoughlé Marshall, 1973; Tripathi &
Gupta, 1980; Clay & Shaw, 1981; Tripathi & Yadav, 1982), the
exact mechanism of population regulatlon is yet to be fully
understood, In fact, under Indlan conditions not much work has

been done on the ecology of populations as a whole. In view of



this Tripathi & Dwivedi (1978) have stressed the need for
studying the population ecology of plants of different zrowth

habits under varied envirqnmental conditions.

Studies on the dynamics and regulation of populations
in nature inevitably involve demographicanalysis at regular
time intervals. The demographic anaiysis of many plant species
has been done by Professor J.L. Harper and his ooworkers o
(Harper & White, 1971; Sarukhan & Harper, 1973; Hawthorn &
Cavers, 1976; Macﬁ}“192§; Watkinson & Harper, 1978) while the
behaviour of plant populé%iZﬁg”in pure and mixed stands has
been studied by De Wit and his group and many other workers
(e.g. De Wit, 1961; De Wit et al., 1966; Tripathi & Harper,
1973; Bazzaz & Harper, 1976; Mack -& Harper, \1_977;' Berendse,
1979, 1981). The survivorship and dynamics of several peren-
nlal grass and herb populations from different geographic

-

regions have been studled by a number of workers (eegs Williams,
1970; Antonovics, 1972; Sarukmhan & Harper, 1973, Hawthorn &
Cavers, 1976; Johnson & Thomas, 1978; Bishop et agl., 1978;
Kushwaha et al., 1981; Law, 1981; Yadav & Tripathi, 1981;
Silvertown & Dickie, 1981; Schellner gt gl., 1982).and of bien-
nials by Holt (1972) and Klemow & Raynal (1981). Although the
annuals pose relatively lesser practical preblems (Harper &
White, 1974), the population studies of annual plant species
have engaged the attention of very few wonkérs. Mack (1976)
studied the survivorship of Ceragtiym atrovireng and Sharitz &
‘Mc‘Ccrmick (1973) studied the'pOpulatioﬁ‘dynamics of two

o



competing non-weedy annuals and proposed the hypothesis thnt

the population regulation ih these/species isAmaihly through
interspecific competition for soil moisture. The seed popu~
lation dynamics of winter annual grass Vulpia fasciculata has
been studied by Watkinson (1978) and natural regulation of

' populations of the same has been described by Watkinson & Harper
(1978), who emphasized the role of density in regulation of
populations. Recently Weiss (1981) studied the population
dynamics' of Emex australis and reported heavy mortality during
seedling stage especially in dense pOpulatiohs. The density
increase may also reduce the reproductive potential of the
species populations as reported by several workers (Palmblad;\\"“
1968a; Tripathi, 1968; Myerscough & Marshall, 1973; Williams
& Ipgber, 1977; Tripathi & Gupta, 1980; Clay & Shaw, 1981;
Trivedi & Tripathi, 1982a; Rai & Tripathi, 1982a).

Besides self crowding, the growth of associated vegeta=-
tion also regulates the population size either through resource
Acompetition‘(Harper & Gajic, 1961; Sagar, 1970; Putwain &
Harper, 1970; Mack & Harper, 1977; Dwivedi & Tripathi, 1980;
Yadav & Tripathi, 1981) or through production of some toxic
substances which inhibit the seed germination and growth of
heighbogring plant species (Muller, 1969; Rice, 1974; 1979;
Friedman et al., 1977; Hussain & Godoon, 1981; Rai & Tripathi,
1982b). The allelochemics producedkfrom plants have also been
reported to regﬁlate the rhizospheric microbial population

(Singh, 1977; Tripathi et al., 1981).



Kulman (1971) laid emphasis on the role of herbivory
in population regulation and reported that predation resplts. .
into increased mortality and reduced seed and biomass producnl
tion. Werner (1977.) studied the effect of predation by
Lepidopteron larvae on regulation of teasel population whereas
Bentley & Whittaker (1979) emphasized the role of grazing by
Chrysomelid beetle in the distribution of Rumex spp. in nature.

In the present investigation two annual weeds

Galinsogg ciligtg(Rafl) Blake and‘g.‘garVif;ggg Cav. were selec-
ted for studying their detailed deﬁographic analysis with a
view to identify the factors involved and their relativéMN““°“\;‘
- importance in the regulation of the population of these weeds.
The two species ofigg;;ggggg grow abundantly in croplands and
wastelands of Meghalaya, They are closely related sympatric
palr of species with synchronous life cycle. These characters
make thefe species ecologically interesting. Moreover, popula-

tion ecology of these weeds has not been studied at all,

The studies on population regulation of these two

weeds have been made to cover the following aspects:

i) The demographic analysis of seedling cohorts of the weed -
populations with respect to recruitment, mortality and repro-

duction at cropland and wasteland habitats.

ii) The effect of associated plant species and established
mature plants of the two weeds on regulation of their seedling
populations.,



iii) * Allelopathic effect of Eupatorium riparium Regel on

population regulation of these two weeds. -,

iv) The effect of factors such as seed sowing density, sowing
pattern, population density, soil texture and soil moisture and
nitrogen level on the population regulation of weeds.

v) The effect of herbivore predation on competitive ability
and growth of the two species.

vi) The effect of light intensity and 2,4-D on the weed popu-

lations. v » -~

The experimental data on various aspects mentioned .
above have been presented in dhapteré III to VIII which follow
‘fGeneral Introduction', 'Review of Literature' (Chapter I) and
'Description of Study Site and Selected Species' (Chapter II),
The 'General Introduction' outlines the objectives of the
thesis while the 'Review of Literature' covers the published
literature to show the present status of the subject, Chapter |
IT deals with the soil, vegetétion and climate of study sites
It also includes the distribution and description of the two
species, Though each chapter is provided with a separate
discussion of results, the major findings of the whole thesis
have been discussed under 'General Discussion' in an integrated
manner, To avoid repetition, some important references that
have been included in 'General Introduction' have been omitted

from the 'Review of Litersture',

The studies on dynamics and regulation of pcpulation

| may prove. quite useful in devising effective weed control



measures, as these studies may reveal the ecological conditions
' that may influence the natality, mortality, survivorship and
ultimately population growth of these weeds. On %he basis of
data collected on vé.rious population parameters, working popu=-
lation model can be synthesized through which the reaction of
a particular envirommental factor on the population behaviour
of the weed can be predicted. Thus, although the present study
is largely of fundamental nature, it has applied value too.



CHAPTER I

Review of Literature




REVIEW OF LITERATURE

Despite innate potential to increase their numbers in
geometric progression, the orgapisms do not exhibit unlimited
population growth, The causes of this are still obscureg
although understanding the mechanism of population size regula-
tion is of vital importance to both pure and applied ecologists,
Solomon (1964) opined that the population regulation is general-
ly brought about both by density—depéndent and density=-indepen-
dent processes while Tripathi & Dwivedi (1978) emphasized the
need.for idéntifying varicus factors controlling the population
growth and for studying the relative importance of each of these
factors and their interacting influence on plant populations in
nature, Such studies are possible only when the demégraphic
analysis of individuals right from the early seedling stage till
the senescence is made. The demographic studies of plant popu~
lation made by various workers covering a wide range of species
have been reviewed by Harper & White (1974). The present
review is, therefore, mostly devoted to those papers related to
the subject that have appeared'after the publication of the
review of Harper & White (1974). '

Callaghan (1976) pointed out that the growth reproduce
tion and death of individuals in plant population are affected
by the environmental factors (both biotic and abiotic) within
the genetic limit of the populations. The effect of other
organisms including the individuals of same species, via

grazing, predation, competition for limited resources and



alleldpathy; is a potent factor of population regulation. The
natural calamities like sudden change in temperature, heavy
precipitation, frost, storms and long spell of dry weather also
cause wide spread destruction to the populations. The death
caused by such physical faetors has been called as 'catastrophic
_ death! by Warren Wilson (1967). Besides these, the manipulation
of populations by>human activities is also éf great significance
in regulation of population size (Harper, 1960).

There are two main ways in which the response of plants
to environmental factors may regulate population size:
i) mortality influencing the number of survivors and
ii) plasticity causing reduction in size and reproductive
capacity of individuals. | :

Population regulation through mortgl regponse :

In plants, the recruitment of new individuals takes
place through'the germination of seeds or sprouting of vegeta- ,//
tive propagules, which after growth and maturation.produée
large number of seeds. Despite enormous seed production, many
plant species maintain their popullation size at a given level
over the years, which indicates that quite a lérge number of
 seeds faii to produce seed bearing plants. Sagar (1970) found".
only ené out of 17,100 seeds of Papgver rhoegg and 1,000 seeds-
of Seqﬁg;o‘ggiggggg succeeds in producing a seed bearing plant.
Similarly, Yadav & Tripathi (1981) also found that out of 4,625
seeds of ato _” odorgtum only one could produce a fe 15

U Pl
o



plant. This implies that heavy mortality of individuals must
be taking place at various stages of the life cycle. The seeds
die and degenerate, the seedlings die and thé established adult

1

plants also die.

The seed populafion in the soil, which regulates the
regeneration of vegetation (Thompson & Grime, 1979) is influ-
enced by the two processes i.e. seed input To the soil and seed
loss from the soil. The seed input to the soil seed pool
‘depends upon the seed production by the growing plant populaw=.
tions every year and on the environmental factors which affect
the number of seeds reaching the soil seed bank, A large frac-
tion of total seeds produced by the vegetation is carried away
- by wind and water to distant places. For example, Yadav &
| Tripathi (1981) observed that more %han 87% of the total seed

population of Eupatorium odoratum was lost to wind and water.

Predation and grazing also affect the number of seeds entering

the seed pool (Sarukhan, 1974; Keeley & Hays, 1976; Keeley, 1977).

Although among all plant parts the seed is least suscep=~
tible to the rigours of climate and other unfavourable
conditions, a very large fraction of soil seed population fails
to produce seedlings. Sagar (i959) found only 11% of surface
sown seeds of Plantago lanceolata and less than 3% of the seeds
of P. major as seedling after one year period. 4 similar
observation was made by Jefferies: et al. (1981) with salt marsi

annual Salicornia eurapaea which indicates the death of large

fraction of the soil seed population. The causes of death of
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such enormous population of seeds are numerous. A fraction of
seed population may lose viability and degenerate due to
unfavourable envirommental conditions like fiuctuating tempera~
ture and high humidity. A large number of weedy species studied
by Roberts (1979) and Roberts & Feast (1972) showed that the
seeds lose viability repidly and the seeds of only a few specles
could survive for more than five years. Further, a good percen-
tage of seeds is also induced or enforced into dormancy
(Sarukhan, 1974; Baskin & Basgkin, 1975; Gorski et gl., 1977;
Mukherjee gt gl., 1980), Besides, the soil microorganisms and
pests also cause mortality of the seeds in soil (Foster, 1964;
Sarukhan, 1974) resulting ihto reduction in population size,

Under favourable conditions a fraction of the soil seed
population germinates to give rise ;to seedlings which are
ekposed to varied influences of different envirommental factors.
The newly born seedlings are usually considered to represent the
most delicate phase of plants' life, A lot of work has been
done showing heavy Juvenile mortality in seedling populations of
several plant species (Williams, 1970; Hett, 1971; Sarukhan &
Harper, 1973; Sharitz. & Mc Cormick, 1973; Hett & Loucks, 1976;
Bazzaz & Harper, 1976£/Mack, 1976; Yadav & Tripathi, 1981;
Silvertown & Dickie, 1981; Weiss, 1981; Law, 1981). Sharitz &
Mc Cormick (1973) argued that heavy mortality during seedling
establishment is common in colonizing species which produce
large number of seeds. Mack (1976) and Watkinson & Harper )
(1978) have also emphasized the occurrence of Type II and III
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survivorship curve (Deevey, 1947) in species capable of produ-
cing large number ef seeds in cihtrast Yo those which produce
lesser number of seeds and exhibit'ije I:survivorship curve, ;
These studies indiocate that the heavy mortality of seedlings in
such species which produce large nﬁmber of seeds}ia a pre- |

requisite for an effective regulation of population size,

The established plants which predominantly respend
through plasticity to various environmental stresses also show
constaent mortdlity throughout their life and hence exhibit
Type II survivorship curve (Tamm, 1956; Rabotnov, 1958; Sagar,
1959; Foster, 1964; Antohovios, 1972; Biahop et al,, 1978).
The studies made by various workers (Langer, 19563 Robson, 1968;
Sarukhan & Hanper,‘1973; Hawthorn & Cuvers, 1976; Yadav &
Tripathi, 1981) on several plant species revealed that the plant
mortality is maximum in the active growing season cf,population.
Further, the mortality has been reported to be greater in mono-
ocultures than in polyocultures (Tripathi & Harper, 1973; Bach & a.
Hruska,:1981). The greater mortality which often occurs during~ '
period of most rapid grewth might be construed as evidence for
density effects, as the effect of competitibn for resources are

likely to be most severe during active growth phase,

The dénsity—dependeni mortality is known in Agrostemmg
githago (Harper & Géjic,.1961), Papaver spp. (Harper & |
Mc Naughton, 1962), Spergula vernalis (Symonides, 1974),
Mirabilis hirsuta (Platt, 1976). Bromus spp. (Wu.& Jain, 1979)

and Poa annua (Law, 1981) but this is by o - means general
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(Sarukhan & Harper, 1973; Watkinson & Harper,j@ﬁs} Klemow &
‘Raynal, 1981). This indicates that density effect is species-
specific. But the studies of Pemadasa & LoVeliﬂ(1974) on four
dune annuals and of Keddy (1980) on Cakile "”4 3 revealed
that the density-dependent mortal response might be changed by

soil condition and exposure treatments. Keddy (1981) further
argued that unlike density-dependent morfality, density~indepen~
QBnt mortality rate remains constant.

Antonovics (1972) pointed out that the causes of death
rates are influenced by the environmental and genetic factors
and émphésized the importance of the population decay rates in
the genetic: adjustment in a varying and unpredictable environ-
ments. On the basis of his,observétions on Anthoxggthhm
odoratum he argued that during seedling establishment there may
be selection of characters which show differential rates of
mortality in different phases of the life span of individuals.,
For example, Williams (1970) reported Type III survivorship
curve in case of Danthonig caespitoga with heaviest mortality
during young stage in contrast to the observation of Canfield
(1957) on three perennial grasses, who found Type I survivor-
ship curve (i.e. lesser risk of death in young and middle
period of age and high mortality risk in old age), while Johnson
& Thomas (1978) demonstrated that survival of Hieracium pilogel-
loides followed Type II survivorship curve, However, these o
studies also support the logic that plant mortality is a pre-
requisite'tp‘population regulation of a species, whether it .is
occurring at seedling stage or at later stage. | |
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Population re ation thro 1 C respo :

In contrast to mortality at high density, plants generally
respond to moderate density through plastic reduction in size
and reproductive capacity (Antonovics & Levin, 1980), %he
~effect of’plant density on populations has been studied by many
workers (Sukatchev, 1928; Tadaki & Shedei, 1959; Harper & Gajic,
1961; Harper & Mc Naughton, 1962; Raynal & Bazzaz, 1975a; Khan
& Bradshaw, 1976; Tripathi & Yadav, 1982). Yoda et gl. (1963)
established a relationship between the mean dry weight per plant
and the density of surviving individuals in pure populations of
several herbaceous plant species and propounded the wekl known
~3/2 thinning law, which was later on confirmed by White &
Harper (1970) in mixture of two similar plant species and by
Kays & Harper (1974) in grass sward, Bazzaz & Hakper (1976)
tested the thinning law in mixture of two very different species
viz., Lepidium gativum and Sinapsis alba. Based on the conside~
ration of a given species grown within mixed~stan@,vKays &
Harper (1974) and Bazzaz & Harper (1976) suggested that the
thinnihg law is not applicable to such cases and, therefore,
cannot be used as supporting evidence for density effects in
complex communities, A similar report has been made by Malmberg
& Smith (1982) in mixed populations of Medicago sativg and
Trifoliyg12££§gg§§. Hutchings (1979) assessed the validity of
" the =3/2 power law in nine clonal perennial herbs, and suggesféd
that geneté follow the power law ih contrast to ramet popula=
tions which are not necesgsarily thinned 1; direct response of
their growth. Recently, Westoby & Howell (1984) found a change -



1%

in thinning line from -% to zero in populations of Betg vulggris
growing under different light cohditions.

The effect of pdpulation density has also been studied
on plant to plant variation in yield. Stern (1965) reported
that plant weight distribution in Trifolium subterrgneum was
closer to the log normal at low density compared to skewed
distribution at high density. Obeid et gl. (1967) found
‘essentially similar behaviour in studies of inter-plant varia-
tion in fiber flax (Linum usitatissimum) population, Koyama &
Kira (1956) argued that the log normal distribﬁtion is the
outcome of the exponential nat%re ofAfUndamental’growth,ppocess
while skewed distribution or L~-shaped frequency cwrve is
fesultant of.competition which increased the variability of the
relative growth rate of individuals in population,

The reduction in plahﬁ weight in response to density
affects the reproductive potential (Harper & White, 1974)
through reduction in seveFal components of fecundity (i.es
number of flowering plants in a population, number of flowers
per plant and number of seeds per frﬁit). For éxample,ﬁthé
decreased fertility in plant populations with increasing density
has been néporfed by Harper & Gajic (1961), Marshall & Jain
11969), Myerscough & Marshall (1973), Thomas & Dale (1975),
Tripathi & Gupta (1980), Tripathi & Yadav (1982) and Rai &
Tripathi (1982a), and the reduction in per plant cgpitula or
propagules by Putwain gt al. (1968), Palmblad (1968a), Tripathi

\A.



(1968), Williams & Ingber (1977), Watkinson & Harper (1978),
Weiss (1978), Tripathi & Gupta (1980), Barkham (1980), Law
(1981), Clay & Shaw (1981), Tripathi & Yadav (1982) and Waite
& Hutchings (1982), The change in number of seeds per frult,

" although uncommon, has been observed by Palmbled (1968a) and
Myerscough & Marshall (1973) in response to density stress,
These studies highlight the gradual and stage-wise reduction in
seed production which ultimately regulates the size of popula=

ti on,

| Although the reproductive characters (fecundity) have
been reported to fespond to density, the relation between the
response of the characters and density is variable (Obeid gt gl.,
1967; Krebs, 1971; Harper, 1977). However, frimack (1978),
based on his observation on seed production by Plgntago corono=
Rus, -onmcluded that all the components of fecundity are equally
important in regulating the seed production in stressed environ- :

ment, : ?

Like frequency distribution of biomass, Clay & Shaw |
(1981). reported a skewness in frequency distribution of~flowers
per plant with increasing density of Digmorphg gmallif in
natural conditions. 'I‘he trend of increased skewness with densi-
ty Xeported by them is in agreement with the observation of
Obeid et gl. (1967) on Linum usitatissimum grown at three densi-
ty levels, who reported relatively greater skewness of cgpsule
as compared to that of biomass. This is primarily due to non=
linear ‘r.elationship between plant weight and reproductions

. Al‘n(q'

3
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'Holliday (1960) and Donald (1963) have shown that, whereas
individual plant weight may exactly compensate for increasing
density (to give constant final yield) reproductive output may
over compensate the density increase i.e. the ratio of repro-

ductive to total yield may fall at high densities.

Snell & Burch (1975) observed 3-fold reduction in

reproductive effort of Chamgecyse hirtg due to density stress,
In Cyperus rotundug, under low density conditions dssss dry

weight was partitioned into tubers. However, under high densi-
ty conditions more dry weight was partitioned into tubers
rather than inflorescences (Williamset gl., 1977). Heller &
Abrahamson (1977) observed in Fragaria virginiang that increased
competition among high density grown plants resulted in lower
total biomass when compared to low density grown plants while
the allocation to biomass in reproductive organs (both seed and
vegetative) was higher in low density grown plants. Similar |
observation has been made by Waite & Hutchings (1982) with
Plaptago coronopus, where 3-fold increase in density resulted
into reduction in reproductive allocation from 47% to 31%.

These studies depict the density-dependent regulation of popula-
tion size., ‘

Harper,(1961, 1967), on the basis of his work on Bromug
 rigidus and B, mgdritensgig generalized that plant species adjust
seed mumber in response to density stress in such a manner that
seed number per unit area is constant over a wide range o%ii

densities, Palmblad (1968b) observed that the seed production
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per individual of Sgngeio sylvaticug énd Si yiscosug increased
with the decrease in severity of competition. In contrast to

this, the reproductive allocation in ceftain plant species has
been observed to increase with increasing harsh conditions
(Gadgil & Solbrig, 1972; Whigham, 1974; Hickman, 1975).
According to Hickman (1975) seed output per unit area does not
remain constant over a wide range of d;énaities# and that
average plant weight and seed | output per plant ¢an be predicted
from plaQt density. Conver_sely, there are reports indicating
that the allocation of resources to reproductive structures
remaing unaffected by density stress (Harper & Ogden, 1970;
Ogden, 1974; Bradbury & Bristra, 1976; Abrahamson & Hershey,
1977; Raynal, 1979; Thomson & Beattle, 1%1' Tripaﬂu. & Yadav,
1982) ¢

Such erratic effects of pgpulation density on various
plant species may be explained on the basis of “ecological
effective distance" {Anto@pvics ‘& Levin, 1980) , wh;ch defines
the limiting or threstwld distance at which neighbour effect
teases. Clay & Shew {1981), based on the calculation of ecolo-
gical effective distmmsce for seversl species under a variety of
enviromment suggested that it should not be considered fixed;

" these values will rather vary from one speotgea to another depen-
ding on environmental fluctuations m! the Me of life cycle.
This also provides a clue for understanding fhe mgdifying
influence of mutrient status of the soil om density-dependent .
response of Bapaver spp. (Harper & Mc ﬁmgnton; 1962), dune
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gnnuals (Pemadasa & Lovell, 1974) , Eggggggigg spp. (Tripathi &
Yadav, 1982) and Plantago major (Trivedi & Tripathi, 1982a).

In contrast to the atténtion given to the importance of
density-dependent factors in determining the fate of established
plants, the studies pertaining to the effect of seed density
upon germination are few and far between., Bailard (1958) and
~ Palmblad (1968a) reported both positive and negative response
. to sowing density among certain weedy species. Based on his
own tests of 11 sbecies an& of 11 other species reported in the
literature, Linhart (1976) argued that positive density-depen~
dent responses appear to bte characteristics of species of
closed habitats while neutral or negative responses occurred in
weedy speéies of open habitats.%)Waiteﬂé;ﬂuxgh@ngs (1978)
reported'thét germination énd éalinity toierance of Plantago
goronopus seeds are enhanced when seetdls were sown in clumps.
The extent of the positive density-dependent response, and the
optimum clump size for maximum germination were found to be
dependent on salinity level and nature of substrate. Linhart
(1976) suggested that the positive germination responsé to
clumping of seeds may be either due to physiological factors
(possibly through;piedUCtxen‘of ceftain chemicals) and/or due
to'combined force of several simultaneously growing radicles{
that may help them emerge. - '

- Working with dune annuals, Symonides (1978) found a
neutral response of seed germination to density while Inouye

(1980) found a strong negative response to density of seeds in
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desert annuals of Arizona. Recently, Ral & Tripathi (1982a;
have also reported a negative response to density of seeds in

two species of Galingoga, which indicates as to how the seed

sowing density exert itself as a feed back mechanism of popula-
tion regulation.

Besides 'density-depéndent' fegulation, the populations
are also regulated in a big way by physical factors of environ-
ment particularly at seedling emergence and seediing establish-
ment stages. This may be explained applying the concept of
'safe site! (i.e. locations ideal for germination and establish-
ment) as developed by Harper gg‘gl. (1965), Thus, the number of
such sites may have strong regulatory effect on the size of
seedling population and this effect will be more and more severe
with increase in density of seeds and seedlings, as the number
of sites is not ihfinite. Initially with an increase in number
of seeds in a habitat, the chances of a seed finding a safe-site
is increased but later when all the sites ére exhausted any
 further increase in density may not contribute At all to the

seedling population until more sites are made available,

‘The physical factors which create a variety of microsites
are soil fertility, soil texture, soil moisture and light ihten—
sity. The plant populations also respond to these factors
through morfality and plastiéity. Sukatchev (1928) in w

ipodora, Andel & Rozema (1974) in W
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Nobel gt gke (1979) in Garex grenaris found inéreased mortality
at fertilized soil, in centrast to the observation of

Myerscough & Marshall (1973) on Apabidggais . thaliang and of
Trivedi and Tripathi (1982a) on Spergula arvengis and Plantago
gpajore Similarly, the plastic increase in reproductive alloca-
tion at high fertility level hés been ObSérVed by Snell & Burch
(1975) in Ghagaecvge hirta and by Tripathi & Yadav (1982) in
EuRatorius sope, while in Senecio vulgaris (Harper & Ogden,
1970) and in S. gylvaticyg (Andel & Vera, 1977) repioductive
alloca.‘tion has been reported to be independent of nutrient
status. -

In drought habitats, Tazaki (1960), Peterken (1966),
Gfav'e‘r.s & Harper (1967), Friedman & Orshan (1975), Seif Ei-Din
& Obeid (1971), Miles (1972) and Ungar gt gl. (1979) found a
heavy seedling mortal}ity in various plant species, -wnic.n sig~
nifies the iapartane;g of soil moisture in population regulation.
Trivedl & Tripathi (1982b) also reported a drastic reduction in
seed output by Spermyls arvensis in moisture stressed condi-
tions, They observed better growth of this weed in sandy soil
than in clay-rich goil. Watkinson {1982) observed that drought
during flowering phase of Vulpia fasgiculaty reduced seed
setting and resylted into a marked density-dependent reduction
in fecundity, Working on the relationship between distributian
ol spogles and envirormental factors, Faulds (1978)
reported t:ha.t' soil m&!isture is a limiting factor in distribu-

 3phfolium lengng in the grasslapds of the U.K., Cook
(1965) sttﬂied ‘bhe xmle of edaphic factors and competition in
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the regulation of population of Egchachelzia californicg.
Palmblad (1968a) observed the effect of seed sowing density,

soil surface; fertilizer and moisture on the population beha=
viour of many weedy species in field and glasshouse conditions,
He suggested that the self-controlled germination, mortality
and plasticity may contribute to the population regulation of
Weedy species which produce more seeds per unit area than
required for their maintenance. Shaiitz & Mc Cormick (1973)
studied the population dynamics of Sedum smallii and Minyartias
uniflora in field and controlled conditions of Georgia and
proposed the hypothesis that the population regulation of these
species is mainly through interspecific competition for soil
moisture, They further observed that abiotic factors tended to
cause reduction in growth of the individuals while interspecific
competition favoured mortality of the individualse«

Patterson (1980) studied the partitioning of plant bio-
mass in €ogon-grass (Imperats cylindricg) from shaded and
exposed habitats and found that the allocation to reproductive
activities was lesser under shaded conditions. A similar
observation was made by Gulmon & Chu (1981) with the Chaparral
shrub, Diplacus aurantiscus. These studies highlight the role
of light in population regﬁlation. )

The lower temperature of enwirenmen£ has also been
considered to he effective in population regulatign. For exam-
ple, Symonides (197ﬁ) found a mortality peak in gure:prulémion
of Spefgula vernalis in dunes of Poland due to frost., Yadav

¢
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& Tripathi (1981) reported a severe mortality during winter for
both seedlings as well as adult populations of Eupatorium
odorgtgg;) While working on population dynamics of Erigeron
cggﬂgengig - a successional winter annual in Illinois, Regehr
& Bazzaz (1979) reported 16 to 86% plant mortality due to frost
heaving, -Recently, Pearson & Shah (1981) observed a signifi-
cant reduction in seed production by Pagpalum dilatatum grown

under low temperature condition.

Effect of associated plant species: The associated vegetation
and established plant population exercise great regulatory

influence on the population of newly recruited individuals
either through resource competition and/or thrbugh production
of some toxic substances (allelochemics). Tripathi & Dwiviedi
(1978) suggested that the fundamental niche of a species may be
restricted to a smaller hyper volume due to interference

caused by the presence of associated species., Relatively poor
seedling establishment in established sommunities (Tamm, 19563
Cavers & Harper, 1967; Putwain & Harper, 1970; Singh, 1980) also
confirms the above statement. Sagar & Harper (1961) and
Dwivedi & Tripathi (1980) found that among ﬁhe associated
speciles, grasses exereise greater regulatirg influence as
compared to dicots. Sagar (1970) reported a better vegetative
and reproductive growth of Plantago lgnceolgqtsg when the asso-
ciated vegetation was removed, Similarly,'Raynal & Bazzaz
(1975b) found an increased seed output by three summer axnuals
in plots from where the winter annuals were removed, Cronin

(1976) reported that after removal of tall lark~spur (Delph




23

‘barbgyi) the forb dominated communities were converted into
grass dominated communities.

While studying the competitive effect of Zygophyllum
dumogum plants on seedlings of Artemigia wﬂ Frisdman
(1971) reported that the seedling growth was considerably
suppressed and the suppresaion became severe as the distance
between mature plant and seedlings decreased. A similar conclu- -
sion has been drawn by Mack & Harper (1977) and Yadav & Tripathi
(1982) in other plant species. Gupta & Tripathi (1979) reported
that when Bothriochlgg pertuss was introduced te already
established population of Dichanthium gnnulatum, it showed
substantial reduction in yield and complete suppression in repro-
ductive growth, Yadav & Tripathi (1981) also reported that when
E. odorgtum seedlings were either grown with its own adult & -
plants or with other associated species, it showed poor vegeta=
tive and reproductive growth. Andel & Rozema (1974) also

- observed suppressed growth of seedlings of Chamagnerion apguati=
folium grown with the associated species and attributed the

graowth suppression to a keen competition for water bwbtween
associated vegetation and seedling population where the former
happens to utilize the available resources more effeectively.

Relatively greater survival apd better W& ﬁ eax'.\y
emergj.ng cohorts of Ranunculug spp. QSawkhm & Harpex\ " v
AL SPP. (Hawthorn & Cavers, 1976), Rumgx spp. (W
Cavers, 1979) and EBex suatralis (w@as, 1981) than the late
emerging omes might be construed as evidence for the effects of
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established plant species in population regulation., Ross &
Harper (1972) suggested that the late emerging individual has
to face relatively severe competition to occupy biological

space as compared %o that emerged earlier. Ford (1975) and

Harper (1977) have also emphasized the significanteof emergence
time in seedling fitness.

Besides resource competition from associated species,
the production of some allelochemicals also regulates the size
of neighbouring plant species (Rovira, 1969; Whittékér & Feeny,
1971) . Many studies reviewed by Rice (1974, 1979) reveal that
allelopathy is a potent factor in determining the pattern and
process of vegetation. Working on the grassland vegetation of
California, Bell & Muller (1973), Hull & Muller.(1977) and
Parker & Muller (1979) respectively reported the dominance of
Brassica nigra, Stipa pulchra and Pholistomg autitum over other
plant species through their allelopathic effects. Christensen
& Muller (1975) reported the.;dominance of Adenostoma
fasciculatum in Chaparral vegetation, which suppressed the seed
germination and seedling survival of the neighbouring plant
species through allelopatth ' .

Friedman gt al. (1977) reported that volatile and water
soluble substances from-Artemisia herba-alba strongly inhibited
the seed germination of several annuals which showed feeble
infestation in close vicinity of the former in Negew desert of

Israel. Similarly, Tripathi et gl. (1981) found that Ir
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repens was absent from the close vicinity of Eupatorium adeno-
éhorum and they suggested that this may be due partly to the
allelochemics production by E. adencphorum. Rai & Tripathi
(1982b) observed that theballelbdhemics produced by E. riparium
not only reduced the seed germination and seedling growth, but
also delayed the germination of several weedy species which in
turn might be able to put newly born seedlings in disadvanta-
geous position, especially in stress situations. Putnam & Duke
(1974) and Lockerman and.Putnam (1979) emphasized the role of
allelopathy exhibited by cucumber, in biological suppression of
weed population, a | |

Werner (1975) reported that in the field where a near
monoculture of quack grass had 1eft-10 - 15 cm litter layer, the
few seedlings that were prodﬁCed (20% of total seeds) died with-
out reproducing while in all other fields germination was
relativeiy high:)Wérnerf&fCaswell’€$97?ﬁ¥§180 stated that grass
litter and the presence of other dicotyledonous species, and
the overall primary productivity of the rest of the comunity
are important factors determining the success or failure of an
attempted colonization by teasel (Dipgacus sylvestris). Recently
a similar report has been made by Sydes & Grime (1981), which
showed a negative correlation between the tbtal shobt biomass of
ground flbra-and the amount of leaf litter of several troe

species.

Working on the allelopathy of British grasses, Newpen'®

Rovira (1975) observed that out of eight grasges tested bytithe
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four exhibited auto-allelopathy - a mechanism of self regulation
of population. A similar behaviour of Blue gramma and Western

wheat grass has been reported by Bokhari (1978).

Allelochemics produced by the plants also regulate the
population size of rhizospheric microflora (Singh, 1977;
Tripathi et al., 1981). Such a change in microbial population
might modify various structural and functional attfibutes of
the soil system. For example, Rice (1974, 1977) and Lodhi
(1978) observed inhibition of nitrification in grassland and
forest‘community respective1y due to presence of allelochemics.
These chahges in soil system may be expected to result into
poor growth of plants growing on such habitats. Recently,
Keminsky (1981) has been able to show that the allelopathic
potential of Adengstoma fagciculgtum is of microbial origin,
Based on the experimental results, he suggested that the role
© of égenostogg in the suppression of herb growth may lie in its
assoclation with soil microbes that produce and release sub-
stances capable of inhibiting the germination énd growth of
plants. |

Effect of herbivores and gathogens ¢ Herbivores and pathogens
influence plant distribution (Huffaker, 1964; Harper, 1977),

community structure (Harper, 1969) and population growth., In
genefal, herbivore predation reduces the seed and biomass pro-
duction and increases the level of mortality (Jameson, 1983; |

Kulman, 1971). While working with a biennial plant species
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Dipsacus sylvesteis, Werner (1977:) observed a reduced seed out-
put from the plants infested by Lepidopteron larvae of muctuid
moth (Papaipema catephracta) which feed on the stem pith of
teasel., Batra (1979) observed the agsociation of 122 species
of insects with Galinsoga ciliata and G. parviflorg plants as
phytophages or polvlina't;ors in Maryland and Guatemala, Based on
his’visual observation on predation, he suggested that some of
these insects, showing preference for cgpitula and seeds, could
be used as biological controllingAagent of these wéeds. Borchert
and Jain (1978) reported the éeed predation of annual grasses by
rodents in grassland cf California while Brown et al. (1979) |
emphasized the role of granivory in desert ecosystem. Working
on the diverse community of winter annuals in the Sonoran
desert, Inouye gt al. (1980) observed that rodents and ant gra-
nivores predated the seeds so much that seedling population
density was reduced by 9-fold.

/

Raysher & Feeny (1980) observed that the pipevine swal-
low-tail butterfly Battus philenor, consumes 45% of the annual
leaf crop of its primary host plant Aristgloghia reticulata.
They also found that such a devastating egiect on foliage-
feeding by larvae resulted into greater mé?‘tauty and decreased
growth rate which in turn reduced the seeq¢ output. A similar
reductiozi in biomass production and plant ‘survival_\ of Rumex
grispus in regponse to grazing by chrysomelid beetle,
Gastrophyga viridula, has been reported by Whittaker (1982)
which highlights the role of herbkvory in x}egulation of a -

[
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species population. Collins & Aitken (1970) in Tr;fo;iUm
gubterraneum and Dirzo & Harper (1980) in Cgpsella bursa-
pastoris observed a substantial delay in the onset of reproduc-
tion consequent on defoliation caused by slugs. They also
reported a great reduction in seed and biomass production of

these plant species due to predation.

{

The developing and predispersed $éed presents an espe~
cially nutritious food surface for insects and predation of
these seeds is extensive. Platt gf al. (1974) investigated the
level of predispersed seed predation of Astragalus canadensig
by curodlionid beetle larvae and reported that about 37% of the
pods were attacked in high densit? arrays vs. 61% in low density
arrays. A similar reduction Was found for predispersal squirrel
preddtion on ponderosa pine (Larson & Schubert, 1979) and
Lepidmiteronlarvae predation on 1u§ines (Breidlove & Ehrlich,
1972), which depicts the role of predation in regulation of
their population size. Working on the shrubby vegetation of
California, Louda (1982) reported that the fortnightly applica=
tion of insecticide during flowering and fruiting reduced the
loss of fruits caused by tephritid fly, microlepidopteran moths
and chalcidoid wasps from 94% to 41%, thus indicating the role.
of predators in influencing seed mortality during production.

v

Pathogens have also a devastating effect on natuf%l
ecosystems. Newhook & Podger (1972) reported that the pathégen

Phytopthorg cinnamoni kills plants in 444 species in 131 genera



29

of 48 families and has devastated complex forest woodland and
heath communities on more than 100,000 hectares in Western -
Australia. The occurrence of disease like damping-off in
Lepidiun sgtivum (Burden & Chilvers, 1975) and stem rot in
Eupatorium odoratum (Yadav & Tripathi, 1981) has been reported
to contribute to the regulation of their population size in
nature. Regehr & Bazzaz (1979) observed that at maturity, 80%
of Erigeron canadensis individuals in field populations of
Illinois exhibited gymptoms of aster yellows, a mycoplasma
disease transmitted by the aster leaf hopper (Macrosteles
fascifrons). A4s a result, seed production was reduced by 53%
causing:redudtion in population size. A similar reduction in
growth of Chondrilla juncea consequent on infection by Puccinia
chondrillina has been reported by Burdon et al.(1981) which
reduces the competitive ability, distribution and abundance of

the former in fields of south—eastefn Australia.

It is apparent that both 'density-dependent' and ‘.
'density-independent' ppocesses hamper the potentiality df_;
plants to increase their numbers geometridally. In spite of
this, the populations of many plant species especially the weeds,
- get widely distributed within a short span of time. Since the
weeds compete with the crop plants for various requirements, the
attempt is made to remove them from our croplands in order to
:get optimum yield (Tripathi, 1977). To achieve this end, several
weed control practices are adopted. Amongst these, the use of

various herbicides and weedicides have proved quite successful



in controlling the weeds. The two weeds selected for the study,
Galinsoga ciliata and G. parviflora, grow abundantly both in the
cropfields and wastelands of Meghalaya at higher altitudes. An
attempt has been made to assess the effect of 2,4-D, the most
widely used herbicide for controlling the broad-leaved weeds, on
the populations of these two weeds.

The herbicidel sprays have a definite impact on the popu-
lation dynamics of weed flora. For example, Baker (1972) found
that use of hopmone-type herbicides results into elimination of
annuals and subsequent growth of perennial weeds. Douglas (1965)
hés also observed a more vigorous growth of Cirgium agrvense
through vegetative meéns following a paraquot spray that elimi-
nated its potential competitors. Hanson (1962) reported the
transformation: of a predominantly broad-leaved weed flora of
sugarcane fields of Hawaii into rhizomatous and stoloniferous
vegetation due to herbicidal spray. These imply that herbicide
acﬁivity is species specific and so, before application of

herbicide the proper selection is most important.

\ Kearney (1977) highlighted the importance of environmen-
tal fagtors in influencing the persistence asmd mobility of herbi-
cides. Helling et al. (1971) observed the poor effsct of herhir~
cide mixture on plants growing at moist habitats, whereas Loos
(1969) reported the lesser effects of 2,4~D on plants grown at
microbe-rich soil. Similarly, Blackman ;8¢ Robert-Curminghame
(1955) and King (1974) reported the better absorption of 2,4+D
' by plants under bright sunlight and at high temperature.
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Mc Ilrath & Ergle (1952) studied the effect of 2,4-D on
different stages of development of cotton plant and repor:ted
_that seedling stage is mostsisceptible for 2,4-D activity. 4
similar conclusion has been drawn by Klingman (1953) who studied
the effect of different concentrations of 2,4-D on wheat plant,
These ‘studies indicate that the herbicide is most effective in
weed control when it is applied'at seedling stage.

"The review of literature reveals that fhe size of a
species population is determined by a number of emfironmental
facfors which interact among themselves in a cémplex manner
causing fluctuation in size of a population throﬁgh change in
death and birth rates of individuals. .

Review of work done on the Galinsoga Spp.

The two species of Galinsgga were recognized by
de Candolle in 1836, He separatea""c; mf_;_gg into two
varieties; -hisg_,m;_ﬂ_.g_:g_g var. hispida is the present day
G. g_g;g_g. Rafinesque deséribed it as a new genus and species,
_,&__m M.m same year, from specimens he .found growing
in the Bartram Garden of Philadelphia. Bicknell (1916) after
examining collection from Natucket Island, Mass, raised
G p_w_ﬂggg var, _Qgggj.g to specific rank and renamed the
taxon G. W. Six year later, Blake (1922) rediscovered
Rafinesque's:publication and placed Bicknell's G.

synonymy with G. ciliata.
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Both species are prolific seeder often producing saveral
thousand seeds per plant: Usami (1976) studied the autoecology
~ of G. parviflors from mulberry fields of Japan and reported that
this rapidly growing plant species flowers continuously one
month after germination until frost. He also calculated the
seed production by a single individual énd reported that in .~
Japan each plant may bear 13,400 capitula yielding 400,000 seeds -
during its life span. He also observed 3-4 generations of these
two species in a single year. Ivany & Sweet (1973) studied the
behaviour of seeds in G. ciliata and reported that the seeds do
not require dormancy and can spread 1.61 km. in 2 years by wind.
Salisbury (1942) reported the seed polymorphism in G. parviflora
and argued th#t the ray achenes which constitute 20% of total
seed population are larger, flat and devoid of pappus white disc
achenes are smaller and crowned with pappus. Recently, Rai &
Tripathi (1982c) studied the food reserves of these two seed
morphs and reported a significant difference in protein and
carbohydrate contents of the seeds. They also fbund higher
energy content in the ray achenes as compared to the disc .
achenes, The ray achenes also showed better germination from
different sowing depths and the seédlings from these grew better
under nutrient deficient conditions. They (Rai & Tripathi,
1982¢) attributed these differential response of the two achenes
to differences in seed reserves and considered it of great

.adaptive significance.

The cytological studies in the two species was made By
Haskell & Marks (1952) in Great Britain and by Chatterjee &
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Sharma (1968) in India. They reported that G. ciligts is a
tetraploid with chromosome number 2n = 32 whereas the other
species is diploid with 16 chromosomes, Recently, Gopinathan
& Babu (1982) studied the cytogenetics of G. parviflors and

G. ciligta énd their natural hybrids. They recognized four
populations; (i) G. ciliata - a segmental allotetraploid 2n = 32
(11) G, parviflors - a diploid 2n = 16 (iii) Triploid natural
hybrid between G. parviflora and G. giliata 3n = 24, and (iv)
Putative introgressant between G. parviflorg and tﬁe natural
triploid hybrid 2n = 16, They also studied the population size
- and abundance in Delhi and reported that population (iii)
always occurs ih smaller size and away from'thé other popula=
tionss /Khonglam (1982) reported the presence of accessory

chromosomes (i.e. BeChromosome) in the two species.

Shontz & Shontz (1970) studied the arrival and spread of
G. g;;;ggg_in-north—eaStern United States and later they (Shontz
& Shontz,’1972a) recognized two ecological races formed over a
relati#ely short period of time in populations growing in - - .
Western Massachusetts. Of these, one population grows during
summer (outdoor population) while the other grows all through
the year (indoor population). Morphological examination
revealed that plants of the outdoor population were taller and
- their seeds were larger than plants of the other population.
Seedlings of the indoor poﬁulation grow slightly.bettarjia shade
as compared to the outdoor population. Slugs showed prﬁ%ﬁt@hbg‘

for outdoor plants. The seeds produced from these papulati%ﬁb“
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also showed specificity for temperature during germination.
Seeds from the indoor population were more susceptible to
temperature alteration as compared to seeds ffom the outdoor
population, They (Shontz & Shontz, 1972b) also studied the
nutrient ecotypes of G. giliata and found thét one population
showed more specificity for nutrient as compared to the other,
and in nutrient-stressed situation the latter become dominant

over the former.

The studies on the herbicidal control of these two
weeds was made by Ivany & Sweet (1973) who argued that the
herbicidal control of Galinsogg is difficult, although it can
be controlled by pre-emergence application of a herbicide, and
post-ecmergence treatment with ammonium nitrate (Stilwell &
Sweet (1975).

Plekhanova gt al. (1977) reported that G. parviflora
contains triterpene, saponins, tannins, flavonoids and glyco-
sides while G. ciliata young leaves have a petuliar pungent
odour, resembling to cedar wood oil. Theyalso.reported that
these contents in the two species of Galinsogg may influence
the composition of the phytophagous insect and other predators
fauna attacking them. Batra (1979) studied the insects asso=~
ciated with these two sbecies in Maryland and Guatemala and
reported 122 species of insects and one mite as phytophages or
pollinators. They have also indicated that some of these
insects may be used as biological controlling agents for the

two weeds.
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Besides being a severe weed:: of low growing crops,
G. parviflora has been reported to be an alternate host of
several nematodes (Vinduska, 1967) and primary host of viruses
causing tobacco mosaic and cucumber mosaic diseases (Namba. &
Mitchell (unpublished), quoted in Holm et gl.,.1977) and of
spotted wilt (Sekimura, 1937). It is also reported as host of

fungus Ascochyta phaceolorum (Alcorn, 1968).



CHAPTER II

Description of the study site and selected species
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STUDY SITE

The study sites (cropland and wasteland) are situated
in Shillong (Latitude 25°34'N, Longitude 91°56'B; altitude
1500 m), the capital of Meghalaya state in India. The wastes
land site is situated on the campus of the School of Life
Sciences, North-Eastern Hill University, while the ¢ropland
site isilocated on the other adjacent hillock where malze and

potato were grown during the last three years.

Pot experiments were conducted on the campus of the s
School of Life Sciences, North-Eastern Hill University, at
Nongthymmai, Shillong, under glass~house -and net-house condi-

tions,

Climate:

The south-west monsooﬁSvand”northreast winter winds
influence the climate of Shillong.~-The average rainfall and
' temperature data are given in Fig. 2.1, The climate is quite
wet (annual rainfall being 2500-3000 mm). The months from May
to September represent wet season, altbougn occasional. showers
are received during November to Marchvgs well. June and July
are the wettest months. The year can be divided into four
seasons: (i) Spring (March to April) (ii) Summer (May to Septem-
ber) (iii) Autumn (October to November) (iv) Winter (December
to February). The spring season is characterized by gradual

increase in temperature over the preceding winter months
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accompanied by occasional showers. With further increase in
temperatute the spring gives way to the summer which is
characterized by strong winds (up to May) and abundant rainfall.
With the .'retreat of monsoons, the season changes and fall in
temperutuny: heralds the advent of autumn, Autumn is cool
followed by winter season lasting.ffpm December to February.
This period is characterized by-low.temperature, negligibie b
rains and short photoperiods. 'Clear winter days are usually

followed by frost in the night.

Soil:

The Shillong plateau embracing the Garo, Khasi and
Jaintia Hills of Meghalaya'is made up largely of pre-cambrian
rocks acutely folded aﬁﬁ”S%éeply dipping, with an overturned
fringe of Mesozoic and Tertiary sediments., The rock distribu-
tion in the plateau reveals that.the core of plateau ié an
ancient mass of gnpiss much intruded by a coarse granite
(Pascoe, 1950). Sandstones, limestones and conglomerates with
subordinate clays super-imposed over these rocks also occur in
the Shillong plateau (Zimba, 1977). Physical and chemical
properties of the top 10 cm soil are shown in Table 2.1,
Tagxﬁral analysis revealed that the soil is silty loam.

"Vgggtgtio‘:

The vegetation of Shillong is characterized by preponde-

rance of evergreen tree species, the commonest of which is
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Table 2.1: Physical and chemical properties of soil on the
wasteland and cropland sites (values + S.E.
represent the mean of five samples).

Property o Wasteland Cropland Calfg%ated
Porosity (%) 19.8 + 1,06 39,0 +1.3 8,81%
Sand (%) 49,2 £ 1.67 59.2 +2,01 8,02%
Silt (%) | 33,0 + 1,04 25,6 * 1.2 74 20%
Clay (%) . 17.8 + 1.0 15,2 £ 0,36 3.1
pH 4,98+ 0,12 5,33+ 0,10 1.66
Cation-exchange capacity ‘9.92: 1.06 16.3 + 1.90 54 90%

(m.e. per 100 g)
Organic matter (%) 3.2 + 0,22 = 5,82+.03564 4,94+

* Differences significant at p = 0,01.
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Pinus keaiya. Besides; grasslands are also commons The two
weed species selected for the study, Galinaogg eiliata and

G. parviflorg (Plate 2.1), grow with maige in the hilly agro-
ecosystems of Meghalaya (Plate 2.2): They are also associated
with Bupatorium ripapium and several grass species of disturbed
wastelands (Plate 2.3). The cotmon associates of these weeds

alongwith their dénsity values are listed in Table 2.2.

SELECTED SPECIES

The two species selected for the present study are
Galinsogg ciligtg (Raf.) Blake and G. paryiflora Cav., the
sympatrie annual herbs of family Asteraceae, The history of

these species can be traced back to 1836 when de Candolle found
G+ parviflors, and separated it into two varieties. His

G. parviflers var. higpida is the present day @i cillgte accor-
ding to Blake (1922). |

t (Plate 2.1)
G. ciliata’

1]

It 13 an erect somewhat flaccid, simple or aparingly branched
annual herb, 15-70 cm tall; stems widely branched in the upper
part, often decumbent below with simple and glandular hairs in
plenty; leaves ovate or eliiptic oblong with a cuneate base,
acute or rather accutiinate, thickly hAiry; Flgwer heads terminal
or axillary combined into a terminal, leafy corymbiform panicle;
Peduficle short and gland hairy; Ray flowers 5, witn.yhite,
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Plate 2.3: A close up view of wasteland vegetation

showing growth of Galinsoga Sppe and their

associates.






Table 2,2: List of associates of Galinsoga spp. in cropland
and disturbed wasteland habitats with their
density values (data based on 10 quadrats, each

2

of 1 m area).
Plant species Density
Wasteland Gropland
Arundinella khaseana Nees 18.6 -
Carex cruciata Nees 6.3 -
Cyperus rotundus Lina, . 12.3 1546
Drymeria cordata Willd. 6.6 -
Eupatorium riparium Regel 19.5 -
Eurya Jjaponica Thunb. 3.2 -
Galinsoga ciliata (Raf,) Blake 3245 615
G. parviflora Cav. 4.3 32.8
Hypochaeris radicata Linn, 12.0 -
Oxalis corymboga DC 3,0 6.3
Panicum indicum Linn, 1.5 -
Paspalum dilatatum Poir bo6 -
Potentila mooniana Wight 37 -
Pouzolzia hirta Hassk. - 4.6
Polygonum'chinengg Linn, 13 7.0
Richardia scabra Linn, - 5.2
Zea mays Linn.. - 7.0

- = indicates speciks absence.
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3=dentate hairy long ligules; corolla of disc flowers yellow
hairy and long; Achenes black, hairy, turbinate with 16-20

pappus scales, ciliate pales long, fimbriate and acute.

The species is often confused with G. parviflors but
it is easily recognizable by awn-tipped pappus scales, longer
ligules of ray flowers, entire pales and densely glandular
hairy stems and peduncles.

Geo parviflora:

It is an erect slender, soft often branched annual herb, 20-100
cm tall} stem either with minute hairs or smooth; Root is
shallow and fibrous; leaves opposite, simple, three prominent
nerves with wedge-shaped (cuneate) base and tapering blunt or
pointed apex; Petiole long; Flower head small; The ray flowers
white, five in number, 3-lobed bracts of two series, membranqus;
Fruit (achene) black, angled or the other ones flat widening

upward, pappus of numerous persistent scales.

The distinguishing characteritics of this weed are the
usually five, small, white, outer ray florets and the yellow
central disc florets, plus the absence of a pappus on the seeds

of the ray florets,

Distribution and habitat:

The genus Galinsoga comprising 14 species (Cannie, 1977) 1is

native to the mountains of tropical America but has now been
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spread throughout much of the world, including tropical lowland
wouth and central America, The two species (i.e, G. ciliata
and G. pafviflora) are reported from India (Babu, 1969), China
(Chi-chu et al., 1975), Japan (Usami, 1976), Java (Martin &
Ruberte, 1975), Australia (Herbert, 1939), Europe (Lascombag,
1964), Finland (Kaantonen, 1976) and Canada (Frankton &
Mulligan, 1970). Holm et al. (1977) reported that the plant of
G. parviflora grows from about 54°N latitude to 40°S as a weed
of 32 crops of 38 countries. However, in hilly regionsof India
it grows as a subordinate species together with dominant

G. ciliata (Babu, 1977).

Both sﬁecies, besides being the weeds of ruderal
habitats, occur as cropweeds in agro-ecosystems at high alti-
tudes. In New York, both species are severe problems in low
growing vegetable crops thaﬁ do not shade the soil surface,
such as cole and salad crops (Ivany & Sweet, 1973). Theyrank
33rd among the 50 most important weeds in horticultural crops
in the entire United States, and are common in the fields with
vegetables and small frutts in the north-east (Danielson et al.,

1965; Jansen et al., 1972).

The plants of the two weeds grow best in moist
conditions and can become very abundant under irrigation or
year round rainfall in the tropics. Altheugh these species are
weeds of the early growing season, the plant is very susceptible
to frost injury and are often the first to succumb in the fall
(Holm et al., 1977).
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CHAPTER III

e
P

Population dynamics of different seedling cohorts
of G, ciliata and G. parviflora at two contrasting
sites
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INTRODUCTION

Any study on populatiorn dynamics involves the quanti~
fication of the birth, death, immigration and emigration rates
of a species population, and it also seeks to explain the
changes in time and space that occur in these parameters. The
population dynamics of several perennial grasées and herbs has-
been studied by Williams (1970), Antonovics (1972), Sarukhan &
Harper (1973), Hawthorn & Cavers (1976), Bishop et al. (1978),
Yadav & Tripathi (1981) and Law (1981) and of biennials by Holt
(1972) and Klemow & Raynal (1981). However, the population
dynamics of annual plant species are least known although they
pose relatively}lesser practical problems (Harper & White,
1974) . Some of the works done on annuals are those by Sharitz
& Mc Cormick (1973) who studied the population dynamics of
Sedum smallii and Minuartia uniflora, and by Watkinson & Harper
(1978) on Vulpia fasciculata. Recently, Weiss (1981) studied
the population dynamics of Emex australis.

The cropland and wasteland habitats where the two weeds,
G._ciliata and G. parviflora, grow abundantly differ markedly
from each other in respect of several ecological factors (Table
2.1). Due to lack of dormancy in seeds (Ivany & Sweet, 1973)
'and with short 1if§ cycle, the seedling cohorts of the two weeds
keep on appearing in nature at différent time intervals subject
to favourable temperature and moisture conditions (Usami, 1976).

The analysis of survival of different cohorts of a species
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population developing at different times seems to be essential
for complete understanding of the population behaviour of the
species. The present study, therefore, aims at analysing the
population behaviour of different seedling cohorts of these

two weeds as related to habitat conditions.

MATERTALS AND METHODS

For demographic studies, six permanent 0.25 m2 quadrats
were rﬁndomly laid in 2.5 x 9 m2 area, chosen subjectively to
give an almost similar density of plants in each quadrat on
both wasteland and cropland sites. The seedling emergence,
survivorship and reproductive growth of the two species popula=-
tions were studied in the permanent quadrats from April 1980
to December 1981. Both species have three seedling cohorts
appearing in different months. These cohorts (described as
cohorts I, II and III) were marked in late 4pril, mid May and
Mid August in 1980 and mid March, mid April and late July-in
A981.with the help of waterproof British paint of different
colours. Each seedling was marked with a dot of paint on the
tip of its first leaf. The fate of the seedling cohorts was
followed at fortnightly intervals from emergence until death
and the time taken from emergence to 50% survivorship was
calculated as half life. The density #f the associates of
Galinsoga present in the permanent guadfats on the two sites
was recorded (Table 3.1), which showed nine-fold increase in

density from April 1980 to 1981, which in turn intercepted 20%



45

Table 3.,1: Major associates of Galinsoga spp. and their density
per 0,25 m2 (f_S.E.) observed in the permanent quadrats
in April 1980 and April 1981.

19860 1981
Wasteland  ‘Croplsnd- ~Waiteldnd "Cropland

Plant species

Ageratum conyzoides - 0,303 - 8.3+1.2
Carex crucliata 1.0+0 - 1.0+0 -
Cyperus rotundus 1.320.,6  1,3+0,3 1.0+0 13.3+0.3
Oxalis latifolia 2.0+0 - 2.6+0,3 -
0. corymbosa 1.,0+0 1.0+0 1.6i0.3 3.6+0,6
Panicum indicum 1,0+0 - 1.0+0 7.3+1.6
Palygonum chinense 1.3+0.,3  1.3+0.6 2.0+0 4,0t0
Pouzolzia hirta - 0.3+0,3 - 6.0+1,2
Richardia gcabra - 1¢3t0.3 - 5.3+0.8
Rumex nepalensis - - 1,00 13.6x0,3
Setaria palmifolia 2,0+0 - 2.0+1,2  4,0+0
Irifodium repens 4,3+0,3 - 343+0,3 -
Triumfetta rhomboidea - - - 3.310.6
Zea mays - 2.0¢0 - -
Galinsoga spp. 437,6+39. 500,3+17 307,0+23 252,0+38

- = indicates species absence.
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of total sunlight«on the cropland site.

Number of fertile plants per unit area, number of seeds
per plént and- percentage contribution of each cohort to the
total seed output were also estimated: In each yeak at the
time of maturity, 10 to 18 plants from each of the three cohorts
of both species were collected from the areas adjacent to the
permanent quadrats and were brought to the laboratory to esti-
mate the seed output and dry matter production. The number of
seeds produced by a plant was estimated by multiplying the mean
number of capitula per plant by the number of seeds per capitu-
lum. The biomass was estimated after drying the plant material
'in a hot air oven at 60°C for 48 h. The seed weight per g
biohass i.e. crude reproductive éffort.(CRE, Harper & Ogden,

1970) was calculated for each cohort of either species.

In order to investigate the §eed source that gave rise
to the III cohort which appeared about 3 months after the

‘II cohort, soil seed population of Galinsoga spp. was estimated
at bimonthly intervals from February 1981 to December 1981.
Both species were considered together because it was impossible
to distinguish the seeds of two species recovered from scil as
they are of similar morphology. The soil seed population was
estimated by taking five 10 x 10 x 5 cm soil samples from areas
adjacent to the permanent quadrats on the two sites. The soil
was air dried and seeds of Galinsoga spp. were sorted out with
hand and counted. The sorting of any given lot was done twice

to ensure accuracy in seed recovery.
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RESULTS

g;;g cxg;e‘gzzr;butegz

Seeds of Galinsgoga germinate in March and April (spring)
when the temperature rises and the first rains are received. In
1980, three germination flushes (in April, May and August) were
observed on both the sites, thus giving three distinct seedling
cohorts. The plants from the I and II cohorts developed to
flowering and seeded in June/July. A fraction of these seeds
gave rise to the III cohort of seedlings in August 1980, which
is evident from the loss of a large fraction of original seed

bank in soil before the emergence of the III cohort (Table 3.2).

Table 3.2: Galinsoga seed population (: S.E.) per O.Z5m2 of
soil in wasteland and cropland situation during
1981 (both species considered together),

Site Observation dates
3 Febe 4 Apr. 2 Jun. 1 Aug. 12 Otte 3 Dec.

Wasteland 1095+98.4 302+18  26+6.7 483+26.3 1112456 1268853
Cropland 2438+215 715+20.2 12+3.1 312+39 996+ 102 915+92

The III cohort completed its life cycle in November. No seed-
ling emergence and plant survival of Galinsoga spp. was noticed
in the quadrats during January and February due to severe cold.
In 1981 as well, the same cycle was repeated except the time of
seed germination which was preponed by one month due to rela-

tively higher rainfall received during March and April.



Seedling emergence:

In the cotyledonary stage, since it was difficult to
distinguish the seedlings of the two weeds, their seedlings
were counted together until the first leaf stage. Later on,
the seedlings of the two species were counted separately. On
both cropland and wasteland sites, the first seedling cohorts
which appeared in April 1980 and March 1981 were quite large
while the II and III seedling cohorts were smaller (Table 3.3).
Like seedling emergence, the total density of Galinsoga also |
remained fairly high on the cropland site compared with waste-
land during first year of study but the reverse trend was
observed in the following year (Fig. 3.1). The pattern.of
seedling emergence differed little in 1980 and 1981 but the
number of seedlings emerged in 1980 was greater than in 1981 on

both the sites (Table 3.3).

Survivorghip of seedliggrcohorfs:

On both-the sites, the cohorts emerging in 1980 showed
longer half life and survived better than those emerging in
1981 (Table 3.3). On the cropland site, half life of the
I cohort was &.2.5 times longer than that on the wasteland site
in 1980. In 1981, the I and II seedling cohorts had longer
life span than the III cohort, while in preceding year there
was little difference in half life of the cohorts emerging at
different times.
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Density and half-life (+S.E.) of seedling cohorts of
Galinsoga spp. emerging at different times in

permanent quadrats (both species considered together).

Half-life

e fisesorne o of smeapines/ Sz
Wasteland 26 April 1980 437.,6 + 39 341+ O
18 May 1980 39.3 + 2.6 3,1 + 0,3
20 August 1980 128,6 +17.9 345 & 043
10 March 1981 405,3 +18.8 2,9 & 0,3
20 April 1981 155.0 + 7,8 2.2+ 0
12 July 1981 110.6 + 9.3 1.6 + 0
Cropland 28 April 1980 500.,3 + 17 7:9 + 0,6
19 May 1980 137.6 ¥ 31.8 3,0 + 0
22 August 1980 201.,0 + 27,4 3.0 * 0,6
18 March 1981 335,0 + 21.6 2,0 £ 0
20 April 1981 106.0 + 15.9 2,0 + 0,2
27 July 1981 81.3 * 7.5 1.4 + 0.3
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The cohorts of both species marked in April 1980 in
wasteland experienced greater mortality than in cropland
(Fig. 3.2 & 3,3). In wasteland, out of 132 and 92 established
plants of G. ciliata and G. parvifiorg respectively only 52
and 18 plants survived and produced seeds while in . cropland
the proportion of surviving and reproducing population was
higher, On the contrayy, in 1981 relatively greater survival
and reproductive growth was observed on wasteland (Fig. 3.2 &

3.3; Table 3.4 & 3.5).

Although the II cohorts ' of both weeds were smaller,
they showed relatively poor survival as compared to the I
cohorts (Fig. 3.2 & 3,3). In 1981, no plant from the Il cohort

of G. parviflora sur¥ived up to flowering stage in both waste-

Yand and cropland while in the cropland in 1980 only 8% of the
plants survived up to flowering (Table 3.5).

The III seedling cohorts of the two species differed
from the earlier cohorts in respect of survival and reproduc-
tion. The III cohort of G. ciliata showed heavier mortality
than the earlier cohorts especially on cropland site where ali\
the plants recruited in 1981 died before flowering (Fig. 3.2, °
Table 3.4). Conversely, the III seedling cohort of ‘
G. parviflorg survived and reproduced better as compared to II\'
cohort especially in the wastéland where all the plants from

the II cohort died in juvenile phase (Fig. 3.3). However, the
I cohort did better as compared to the III cohort on both the
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Reproductive behaviour of the three seedling cohorts
of G. ciliata emerging at different times in wasteland
and cropland. (+S.E.).

Site and Seedling Number of Number of Crude reproduc--
growing cohort flowering seeds per tive effort
year plantspper  plant (CRE)
0.25m

Wasteland a a
1980 I 52.,0+2,8%  56.8£2.8 17.7£1.6

II 1,0+0,0° 60.0+3,42 20.0+2,0%

III 3,060,570  16,2+1.6° 10.9+2.3°

1981 I 62.0+4,0°  66,0+2.6° 19.3+1,2%

IT 3,0+0,5% 59.8+3.3% 22.8+1,6°

III 1.0+0,5%  35,0¢2,3% 14,6+1.,3%

Cropland c a
1980 I 100.0%4,6 101, 7+8.3° 20.0+1.6

11 2,0¢0.0°  11850+4,6% 22,6+2,3°

III 3.0¢1.3°  22,4¢3,2P 11.5+0,6°

1981 I 450.0+3,4%  102.2+7.8° 21,8+2,7°

| I 2,0+0,6%  94,5+6.6° 22,6+2.3°

III 0,0+0.,08 0.0+0,08 0,0+0,08

* Means in each column followed by the same

letter are not significantly different
(P> 0.05).
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Reproductive behaviour of the three seedling cohorts
of G, parviflora emerging at different times in

wasteland and cropland (+S.E.).

Site and Seedling Number of Number of Grude . repro-
growing cohort flowering seeds per ductive
year plant per plant effort (CRE)
0.25 m2
Wasteland ¥ a a
1980 I 18.,0+0,8 152,0+6,8 14,6+1.6
IT 0.0+0.08 0.0+0,0% 0.,0+0,0%
ITI 3,6+0,6° 90,0+7,3% 9.6¢1,3°
1981 I 14,0+2,5° 135.0+6.2° 13.6+1.67
I 0.0+0,08 0,0+0,0% 0,0+0,0%
III 2,0+0,6% 88.0+6.2% 8.3:1,3°
Cropland b A
1980 I 52.0+2,3 221.0+14,8° 15.042,3"
11 1.0t0.68  164.0¢ 6,77 11.761,3°
III 3.3+1.1°  154.0¢ 4.9 10,5+1,5°
1981 I 7.0+2,4% 59.0+ 6.2° 11,21, 6°
IT 0.0+0,08 0.0+ o,0f d;0+0,0%
III 0.,0+0,08 0.0+ o,0f 0.0+0.0%

* Means in each column followed by the same

letter are not significantly different

(P>0,05).
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sites. In cropland, the III cohort of G. parviflora survived
better with 13% of the individuals reproducing in 1980 but in

the following year, the survival was nik.

In general, both weeds exhibited almost similar survival
pattern with greater mortality risk during seedling establish=-
ment and senescent phase. However, G. cilggtg experienced
lesser mortality than G. parviflora on both the sites before
senescence (Fig. 3.2 & 3.3).

Reproductive behaviour:

In both species the number of fertile plants declined
from the first to second year except in case of the I and II
cohorts of G. ciliata on the wasteland (Table 3.4). The
dé&rease was, however, more pronounced in G. pgrviflora (Table
3.5). In cropland relatively more fertile plants'were observed
ih 1980, but in 1981 the fertility of the two weeds was greater
on the wasteland, In 1980, per plant seed output and CRE of
both weeds were relatively greater in cropland than in waste-
land, but in the following year the reverse trend was observed
in G. parviflora. 1In case of §. parviflora seed output and
CRE decreased from 1980 to 1981 while in G. ciligta tbhe values
showed little differences (Table 3.4 & 3,5). The maximum CRE
was exhibited by the II cohort in G. ciliata and by I cohort in
G. parviflora, The I cohort of both species contributed maximum
to the total seed output (Table 3.6).
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Table 3.6: Percentage contribution of the different cohorts to
the total seed output per unit area of G. ciliata
and G. parvifilora in wasteland and cropland.

Site and growing G. ciliata G. parviflora
year I II III I II III
Wasteland
1980 96.5 2.0 1.5 89,4 0.0 10.6
1981 95.0 4,2 0.8 91,5 0.0 8.5
Cropland
1980 97.2 2.2 0,6 94,5 1.3 4,2

1981 95.6 4 0.0 10020 0.0 0,0
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DISCUSSION

The population density of both.ggggggggg Spp. was
highest in spring, due to large flush of germination and seed-
ling emergence., The ..density either remained constant or
declined in the first year of study as the mortality of the
spring cohort was either equal or greater than the fate at
which new seedlings emerged later. In the following year, the
~ II cohort also exhibited comparatively high density although it
was smaller than the I cohort (Table 3.3). The II cohort was
smaller in size, due to depletion of seed bank in soil (Tabie
3.2) after the germination of most seeds in spring. By July+
August in both years, the over-all density increased once Aagain
(Fig. 3.1) as the seeds produced by the I and II cohorts gave
{}se to the seedlings of III cohort. Later on, as the winter
’iépproached in December, the density declined drastically and
reached to zero whiéh indicates the role of lower temperature
in influencing the populations of the two weeds. The 1owér
temperature during winter, besides causing plant death also
checked the seed germination in spite of large seed bank in the
soily Similar response to cold has been 6bserved by Raynal &

Bazzaz (1975b) in some other annuals.

7 The change in density was also influenced by biotic
;actors which affected both the rate of emergence and mortality.
The seedling cohorts emerging in 1981 were smaller than those
in 1980 especially in the cropland (Table 3.3). In gpite of

fairly high seed population in soil, the seed germination was
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poof on cropland site in 1981, which may be attributed to an
increased density of the associates. This is in agreement with
the findings of Tamm (1956) and Singh (1980) who observed poor
recruitment and establishment of seedlings in established

communities.

The greater mortality risk in both weeds during juvenile
phase is in conformity with the findings of Sharitz & Mc Cormick
(1973) who concluded that high mortality during seedling
establishment is common in colonizing species which showed high
reproductive potential. Mack (1976) and Watkinson & Harper
(1978) have emphasized the occurrence of Type II and Type III
survivorship curve (Deevey, 1947) in species capable of produ=
cing large number of seeds in contrast to those which produced
lesser number of seeds and exhibited the Type I survivorship
curve, Although earlier workers (Antonovics, 1972; Harper,
1977; Johnson & Thomas, 1978) have demonstrated that survival
of herbaceous plants is generally a linear function of time,
the present study illustrates the occurrence of both linear
(Type II) and concave (Type III) survivorship curves. The
enhancéd mortality during active growth phase of the two weeds
could be probably relate@ to increased resource competitibn
rather than climatic events which were not harsh during the
active growth phase. Sarukban & Harper (1973), Hawthorn &
Cavers (1976) and Yadav & Tripathi (1981) have also attributed
high mortality during active growth phase to increased

competition for resources.
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Survival of the late arriving cohorts may be adversely
affected by the already established instiwiduals of the spring
cohorts of the two weeds. The spring cohorts showed relatively
greater survivorship and half life in spite of larger size,
indicating that the population regulation in this case may be
densitw~independent as also argued by Klemow & Raynal (1981)
in Melilotus alba. The greater survival of early emerging
cohort of G. ciliata relative to the other cohorts conforms witth
the population behaviour of certain other species studied by
Sarukhan & Harper (1973), Hawthorn & Cavers (1976), Weaﬁer &
Cavers (1979) and Weiss (1981). However, the III cohort of
G. parvifiora which appeared later than the II cohort showed
better survival, This behaviour may probably be attributed to
fluctuation in degree of interference from the well suited I
and II cohorts of the co~existing G. ciliata, which offered
more keen competition during active phases of life when the II
cohort of C. parviflora appeared, but later on i.e. at the time
when the III cohort appear, the co-existing individuals which
had ﬁndergone passive growth phase might offer reduced competi-

tion.

In 1980, both weeds showed longer half life and greater
survival arnd seed production in the cropland sirtuation than in
the wastelaad, which could probably be attributed to lesser
competition from the associates which had lower density in the
former sitvation. The seedling mortality was much greater in

1981 probaﬁiy due to increased density of the associates
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(Table 3.1) which reduces the light available to the seedlings
by c. 20%, Putwain & Harper (1970), Raynal & Bazzaz (1975Db)
and Tripathi & Dwivedi (1978) reported that the distribution
and abundance of a species may be profoundly modified by the
presence of associated species in community. The seedlings of
both weeds were also damaged by slugs which occur in great
abundance during peak rainy season, indicating the possible

role of predation in the seedling survival of these weeds.

The year-wise increase or decrease in total seed output
of G. ciligta on the two sites was mainly due to change in num=-
- ber of fertile plants rather than change in seed output per
plant,;while G. parviflora showed reduction in per plant seed
output due to individual plastic response to density. In
contrast to findings of Weaver & Cavers (1979), per plant seed
production and CRE of the later emerging cohort was lower as
compared with the early emerging cohort. However, the CRE of
the two species did mot vary much with the year indicating that
the energy allocation to reproductive purposes remains unaffec-~
ted by the high density of associates in 1981, Constancy in
reproductive allocation has also been reported by Harper &
Ogden (1970) and Raynal & Bazzaz (1975b) in certain other

annmuals grown under various degree of stress.

. G. ciliata and G. parviflora may be regarded as fugitive
species in that they typically prefer disturbed and open sites
to grow better and to produce more seeds which enable them to

invade new disturbed habitats.. They also occur in fields lying
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abandoned for a year, but they are suppressed considerably due
to growth of other associated plant species on Such sites. The
.emergence of different seedling cohorts at different time
periods in both weeds.may be viewed as an important strategy in
so far as the maintenénce of the populations is concerned. It
reduces the degree of intra-and inter-specific competitidn by
avoiding crowding at the same time. The occurrence of more
than one seedling cohorts may also ensure the successful
Completion of the life cycle of some cohort or the other in case
the environmental conditions prevailing during the life time of

a particular cohort prove to be too rigorous to render the

survival really precérious.

~



CHAPTER IV

The regulation of G. ciliata and G. parviflora populations:
a) Effect of associated vegetation on the sown seeds and
transplants of the two Galinsoga spp.

b) Allelopathic effect of E. riparium on seed germination
and growth of the two Galinsoga spp.

c) Effect of established populations of G. ciliata and
G. parviflora on their late emerging seedling cohorts
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a) Effect of associated vegetation on the sown seeds and

transplants of the two Galinsoga spp.

INTRODUCTION

In field situation, the sucoéss of a épecies population
is largely determined by the associated plant speciés growing.
in its proximity (Raynal & Bazzaz, 1975a; Tripathi & Dwivedi,
1978). Relatively poor recruitment of seedlings from seeds in
established plant communities has been reported by Tamm (1956),
Cavers & Harper (1967), Putwain & Harper (1970) and Singh
(1980). Cavers & Harper (1967) observed that some of the
phytometers of Rumex acetosa ?nd.ﬁ. obtugifoliug introduced in
established community could survive and grow for longer dura-
tion as compared to the individuals originating from the sown
seeds, Similarly, Chippindale (1948) suggested that seedlings
of the grasses can survive for long duration in swards but
without showing increase or loss in biomass., Thése studies
illustrate the significant role played by the established
vegetation on population growth of a species placed in that
situation. Thus, a study pertaining to the effect of N
established plant populations on seed germipation, survivorship '
and growth of young seedlings of the two species of Galinsoga

wés undertaken.
MATERIALS AND METHODS

The study site was an eastward facing slope, situated

on the campus of the School of Life Sciences, North-=Eastern
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Hill University, Shillong. The experiment was carried out on
the top of the slope. The vegetation of the study plot
comprised of Eupatorium adenophorum and E. riparium as dominant
herb layer. The other major plant species present on the site
are given in Table 4,1 alongwith their densities. One half |
portion of the study plot was cleared of all the vegetation'hf
while the other half was left as it is i.e. without removing
the plants. Freshly collected mature/seeds~of‘g;‘ciliata and
G. parviflora were sown in the study plot at the rate of 400
seeds per 0.25 m? on 10 May 1981. A census of the seedlings
was done after a fortnight from sowing. On the same date 40
seedlings of 4 leaf stage were transplanted in the other set of
0.25 n° subplots representing both cleared (vegetation free)
and uncleared (vegetation not removed) plots to study the effect
of associated vegetation on the young transplants of the two
weed species. The initial growth parameters of the seedlings
and transplants were measured on 25 May 1981. 36 subplots of
50 x 50 cm were maintained for each species to allow three
harvests in three replicates for each of the two treatments of

seed born seedlings and transplants,

Observations were made on survivorship of the seed-
lings at about fortnightly intervals. (&he other observations
like leaf area, biomass production and seed output per plant
were estimated by harvesting the 15 plants from each treatment
after 6, 12 and 18 weeks from first census/planting datec. The
biomass of the plants was estimated by the procedure describe@/

by Misra (1968). /
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Table 4,1: List of common plant species with their densities

per m2 on the study site where the vegetation was
not removed (Data based on 10 quadrats of 1 m2)

TR TETTE W . ¥ e

Species : Density (*S.E.)
Eupatorium adenophorum Spreng. 16.8 * 3.5
E. riparium Regel 13.6 + 2,5
Drymaria cordata Willd. 6.2 ¥ 0.6
Eurya Jjaponica Thunb. 8.5 £ 142
Panicum brevifolium Roxb. 16.3 + 2.1
Potentila mooniana Wight 4.8 * 0.3
Osbeckia crinata Benth. 13.5 £ 1.6
Arundinella khaseana Nees 20.8 + 2.9
Hypochaeris radicata Linn. 12.0 = 1.2

Table 4.,2: Number of seedlings per 400 seeds sown on the
Cleared and uncleared plots and redution in
seedling emergence caused by the associated
vegetation (+ S.E.)

X No. of seedlings emerged .

Species ~ Percentage reduction
Without -~ With in seedling popula-
assoclates associates tion

G. gciliata 209 + 24 145 + 28 30.6 + 8.6

G. parviflora 185 t+ 13 89 + 12 51.9 *11.8
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RESULTS

Seed germination:

Seed germination of the two Galinsoga species was
considerably reduced due to presence of the associated vegeta=-
tion (Table 4.2). However, the reduction in seed germination

was more pronounced in G. parviflora than in G. ciliata.

Survivorship:

The survivorship of the seed born seedlings and trans-
plaﬁts of both species was substantially reduced due to the
presence of associated vegetation (Fig. 4.1). The seedling
populations of both speciés especially G. parviflora decreased
drastically during active growth phase. In G. parviflora the
seedlings allowed to grow with the associates showed almost nil
survival, On the contrary, survivorship of Ehe seedlings was -
very high ih the plots devoid of vegetation. The mortality
rate, as indicated by the survivorship data, was lower in trans-
plants of the two weeds as compared to that of seed bprn seed-
lings, However, G, ciliata showed better survivorship than G.
parviflora and c.5% seed born seedlings and 15% transplants

survived over the whole study period.

Leaf area per plant:

The presence of associated vegetation caused substantial
reduction in leaf area per plant of the two Galinsoga spp.
The suppression was more severe in case of G. parviflora than in
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G. ciliata (Fig. 4.2, Plate 4.14 & 4,1B), However, the trans-

plants of the two weeds showed relatively greater leaf area than

the seed born seedlings.

Biomass per plant:

The yield per plant of the two species of Galinsoga
was also greatly reduced in the presence of associated vegeta-
tion (Fig. 4.3, Plate 4.1A & 4.1B). The decrease in yield was
more conspicuous in G. parviflora than in G. ciliata. Biomass
of the two species showed only slight increase with time in
presence of the associates while in absence of associates it
increased substantially. Like other parameters, biomass of the
transplants was also greater than that of the seed born seed=

lings,

Regroductive growth:

»

None of the seed born seedlings of the two weedy
species produced flowers when grown with the associated vegeta-
tion while in the study plots devoid of vegetation, the seed-
lings of the two species showed good reproductive growth and
produced enormous number of seeds (Table 4.3). This clearly
indicates that the presence of the associated vegetation caused
drastic reduction in reproductive growth of the Galinsoga sppe.
However, the transplants of the two weeds were better adapted
to this situation and produced 1arger‘number of seeds than the

seed born seedlings.
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Table 4.3:

vegetation (+8.E.).

Reproductive behaviour of the two Galinsoga spp. as affected by the associated

G. ciliata

G. parviflora

Reproductive
Nature of plant parameter Without With Without With
associates associates associates associates
Nc. of capitula/ 22 © 1.8 0+0 34 + 2,6 0+0
plant
- No. of seeds/ 17 + 1.3 0+0 23 + 0.9 0+ 0
Seed born plant. capitulum -
. No. of seeds/ %5 t 22 0+ 0 775 + 29 0+0
plant
No. of capitula/ 28 = 2.6 2 r 1.0 35 + 2.8 0+0
plant
Transplant No. of seeds/ 17 + 2.1 17 * 2.9 22 + 3.1 0+0
capitulum
No. of seeds/ 638 + 152 331 £ 15 770 + 84 0+0

plant

- TR = R N SRt

I .
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DISCUSSION

The results indicate that the associated vegetation
caused spectacular decrease in sééd germination, survivetship
and growth of the two Gglinsoga spp. G. ciliata was, however,
less affected as compared to G. parviflora.

The decrease in seed germination of the two weeds in
presence of the associates may be attributed to lack of enough
'safe sites! (Harper, 1961) and/or production of some seed
germination inhibitors by the associated vegetation. E. gﬁeno-
phorum and E. riparium which grow as the dominant associated
species on the study plots, are known to have allelopathic
effect on seed germination of the two weeds (Tripathi et al.,
1981; Rai & Tripathi, 1982D).

None of the seed born seedlings of G. parviflora survived
over the whole study period presumably due to their inability to
cope with competition from the associated vegetation. However,
some seedlings of G. ciliata could manage to survive but they
also failed to show any increase in either vegetative br repro-
ductive growth, thus indicating the 'resistance to inanition' as
argued by Chippindale (1948). This feature may probably confer
a great adﬁantage on this weed to survive the competitive rigours.
Relatively better survival of the transplants of the two weeds
than the seed born seedlings, ﬁhen growm. with the associates,
indicates the significance of age in minimising the competition

from associated vegetation. Cavers & Harper (1967) too, have
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raported the better survival of phytometers as compared to seed

born seedlings of Rumex spp.

The reduction in leaf area per plant of the two weeds
when grown with the associate# (Table 4.4) seems to be an
important factor contributing to the death of individuals, It
appears that the plants failed to develop the minimum leaf area
needed for their §ustenance. Relatively lesser reduction in
leaf areapengplant of G. ciliata also suggests that it could
make some growth under stressed conditions as well, which resul=-

ted into better survival of this species,

The yield and reproductive growth of the two species of
Galingoga were also greatly reduced due to presence of the asso-
eidates, . - There was complete absence of flowering and fruit-
ing in G. parviflora when grown with the associates. However,
in G. cglliatg some transplants produced seeds but in this
species as well, the seed born seedlings did not flower., Trans-
plant of G. ciliata thus appear to be better adapted to grow in
competition with the associates thén the seed born seedlings.
The adverse effect of associates, especially grass species on
vegetative and reproductive growth of some plant species has
also been observed by Sagar & Harper (1961) and Dwivedi &
Tripathi (1980). The associates that are already established
and well grown intercept the incoming solar radiation to a great
extent. Thus, it may be argued that individuals of G. giliata,
showing better survivorship and yield even in the presence .of

associated vegetation, are better adapted to poor light



Table 4.4: Periodic percentage reduction in various growth

parameters of the two species of Galinsoga Aas

affected by the associated vegetation.

L e W R A
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PAFE NEg S YT

Nature of G. ciliata G. parviflora
Plant Parameter R e Ty — = TEIETE
Weeks after first Weeks after first
census census
6 12 18 6 12 18
Leaf area/ 80 89 90 86 93 *
Seed born plant
plant Yield/plant 79 81 87 74 85 *
Leaf area/ 83 94 94 88 91 94
plant :
Transplant
Yield/plant 74 74 78 71 80 85

et

* The percentage reduction was infinity as all the plants

died off.

conditions. G. parviflora,showing greater susceptibility to

e

competition stress from the associates, prefers relatively open

nabitats. A comparison of the extent of reduction in growth of

the two species reveals that G. parviflora is more sensitive
to competition and shade caused by the associates.

to be one of the reasons for the smaller population size of

This secems

G. parviflora in nature as compared to co-existing G. ciliata.




b) Allelopathic effect of E. riparium on seed germination and
7 growth of the two Gglinsoga spp.

INTRODUCTION

The associated vegetation, besides competing for
resources, also produce some toxic substances which affect the
growth and development of the neighbouring plant species (Rovira,
1969; Whittaker & Feeny, 1971). Changes in community structure
and species - dominance have also been attributed to allelopathy
in several studies (Muller, 1969; Neill & Rice, 1971; Rice,

1974, 1979; Lodhi, 1976; Friedman e 3_;.,:1'§77~;'Hu11 & Muller, 1977;
Gliessman, 1978; Parker & Muller, 1979; Ballester et al., 1979).
However, the role of allelopathy in regulating the populations

of weedy species has not been emphasized much.

EBupatorium riparium Regel, a perennial herb of family
Asteraceae grows abundantly on wasteland and roadsides as one
of the noxious weeds of ruderél habitats at higher altitude in
Meghalaya. Its dominance in nature over other piant species has
been attributed to allelopathy (Rai &’Tripatﬁi, 1982b) . It was
pointed out that sertain plant species especially the two annual
weeds, G. ciliatg and G. parviflora which are sympatric with
E. riparium exhibited better growth and more density in field
populations where they do not come in close contact with the
latter, This leads to the assumption that E. riparium has some
regulatory effect on the populations of the two species of
Galingoga, Thus, a study was carried out to examine whether
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and to what extent the Galinsoga populations are affected by
the allelopathic effects of E. riparium.

MATERIALS AND METHODS

Effect of E. riparium extracts and leachates on seed germination

and radicle and plumule growth of GglinsOgg SPp.

Fresh leaves and litter of E. ripagrium were collected
from field populations in May 1980 and aqueous extracts of 1%
and 5% concentrations were obtained by crushing 1 and 5% of the
leaves and litter in 100 ml distilled water with a pestle and
mortar and by filtering the crushed material through a muslin
cloths The leaf leachate was prepared = by shaking mechanically
1 and 5g of fresh leaf with 100 ml distilled water for 2 h. The
freshly collected fully ripeﬁed seeds of G. ciliata and
G. parviflora were soaked in the leaf extracts/leachates of
different concentrations for 24 h. The corresponding controls,
with the seeds of the two species soaked in distilled water for
.fhe same period, were also maintained. Fifty soaked seeds of
each of the two species were kept in Petri dishes on moist
filter paper for germination, and for each treatment three
replicates were maintdined. All the Petri dishes were kept in
a BOD incubator at 25 + 2°c. Seed germination was recorded
over a 15=days period after which the seed germination practi-
cally ceased to occur, The effect of extracts and leachates
was studied on radicle and plumule elongation over 96 h dura-

tion. The plumule and radicle elongation was averaged on the
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basis of ten measurements.

Growth of Galinsoga spp. as affected by E. riparium extract

and leachate: Four day old five seedlings of each of the

Galinsoga spp., with fully expanded cotyledbnary leaves were
separately transplanted on 20 July 1980 in each of the. 36 plas-
tic pots (21 cm diam. with a basal hole for drainage) contain-
ing 4 kg sandy loam soil. The pots were separated in four lots
for application of 1% and 5% extracts and leachates. There
were three replicates and three harvests for each of the four
treatments. The aqueous extracts/leachates were prepared as
described in experiment 1. Three hundred ml of each extract/
leachate was supplied to, each pot of the respective treatments
at 3 days interval from the date of transplantation. Nine
control pots where 300 ml of distilled water was supplied, were
kept for each test species. The harvests were taken after 5,
10 and 15 weeks from the date of transplantation to determine
the leaf area and number of capitula and seeds per plant. The
dry matter production was determined after drying the plant

‘material in an oven at 70°C for 48 h,

Effect of litter extract and litter bed: Experimental design
to evaluate the effect of the litter extract was similar to

that of experiment 2, Litter bed was prepared in pots contain-
ing soil overlain with 15 g of litter powder of E. riparium.
Four day old 5 seedlings Wwere transplanted in each pot. Three

pots per treatment were harvested after 15 weeks from the
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trangplantation date and the growth parameters like leaf arca,

seed output and biomass production were measured,

Eggbct of E. riparium on Galinsoga populations: Twent} pots

were filled with sandy loam soil. Two plants of E. riparium

each having four leaves were transplanted in each of the 10 . ::.
pots in March 1981. The other set of 10 pots contained no
plant (control). After 4 months of growth E. riparium plants
were uprooted from the pot soil and were left to dry and decom-
pose in the pots for one month, after which the undecomposed
plant material was removed from the pots. Hundred seeds of
each of the two test species were separately sown in the trea-
ted and control pots. Seéds were also sown in pots filled with
soil from the natural habitats of E. riparium, The seed
g?rmination was recorded after 15 days from sowing while the
observations on number of survivors and dry matter production

were made after 95 days from sowing,

Effect of decomposing litter of E. riparium on Galinsoga spp.$

Fresh plant litter was collected from the soil surface
densely infested with E. riparium. Toxicity was tested by

incorporating the litter to the soil at the rate of 500 g m™2

which is equivalent to the quantity of litter present on per m 2
area in the field. Both species of Galinsoga are characterised
by having more than one seedling cohorts emerging at different
time period in nature (Usami, 1976) and so, the seedlings are

likely to be affected by the litter in different stages of



decomposition. To simulate this, the litter was added to the
pot soil before 2, 10 and 20 weeks from the start of experiment.
Fifty seeds of each of the two test species were sown per pot
in the treated soil. The corresponding controls, where no
litter was added were also kept for comparison, Three repli-'/
cates per treatment were maintained. Seed germination was
recorded after 15 days from sowing date. After 95 days from

sowing, number of survivors and dry matter yield was estimated.

Statistical treatment of the data: The LSD and SE values were
calculated to find out whether the differences were significant
due to the treatments.

RESULTS

The seed germination and radicle and plumule growth of
both the test species were considerably inhibited by extracts
and leachates of E. riparium (Table 4.5). The inhibitory
action was correlated with the concentration of extracts/
leachates., The two species responded differentially to aqucous
extract; in case of G. ciliata the leaf extract caused rcla-
tively greater inhibition while in G. parviflora maximum inhi-
bition was caused by the litter extract.

Although the growth of both test species was adversely
affected by the application of leaf extract/leachate of

E. riparium to the pot soil (Fig. 4.4), G. parvifiora was
affected more., The leaf area and number of capitula and ®eeds



Table 4.5: Seed germination and radicle and plumule growth inhibition (%) of

G. ciliata and G. parviflora caused by leaf extract, leachate and

litter extract of E. riparium.

o =.

Test species Leaf extract Leaf leachate Litter extract LSD from
. ' control
1% 5% 1% 5% 1% 5% p = 0.05
Seed.germination :20.9 61.8 4.3 12.4 18.7 3349 8¢5
bg. ciliata Radicle growth 53.8 67.3 14.7 39.4 5.6 35.8 12.8
Plumule growth 53.7 65.5 19,2 28.5 12.7 26.9 13.6
Seed germination 16.1 33.5 6.9 18.5 20.3 38.9 9.4
G. parviflora p.gicle growth 1.2 34.1 19,0 29,7  12.3 48,3 10,7
Plumule growth 21.3  31.1 6.9 21.5 22.6 43,8 12.6

w=s
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per plant of the two species were substantially reduced duc to
extract/leachate application (Table 4.6), but the number of
seeds per capitulum remained unchangéd. Similar reduction in
growth performance of the test species was observed due to the
litter extract application and amendment of soil with litter
(Table 4.7). The leaf extract caused most inhibition, followed
by the litter extract and leaf leachate (Table 4.8). The shoot
growth of the test species was relatively more affected by the
leaf extract and leaf leachate, while the root growth by the
litter extract and litter bed.

Seed germination, survival and growth and reproductive
- allocation of both species were reduced when the plants were
grown in soil collected from E. riparium stand (Table 4.9).

G. parviflora was more adversely affected than G, ciliatg.

The litter of E. riparium in different stages of decom-
position in the soil caused reduction in seed germination,
number of survivors and reproductive performance of both
species (Table 4#10)., The litter in early stage of decomposi-
tion inhibited the plant growth moré adversea&‘ than in the
later stage. The addition of the litter to the pot soil two
weeks before seed sowing resulted into an increased shoot/root

ratio, especially in G. ciliatg.

DISCUSSION

Not only the germination of seeds of the Galinsoga sppe.
soaked with extracts and leachates of E. riparium was reduced



Table 4,63 Leaf area (cmz) and reproductive behaviour of G. ciliata and G. parviflora

affected by leaf extract and leachate of E. riparium (# S.E.).

L )

A8

Control Leaf extract Leaf leachate
0% 1% 5% 1% 5%
Leaf ar‘ea/plan‘t 360.3128.4 30800_-:30-2 1670813603 310.0;‘;3104’ 19208:4007
No. of capitula/plant 161.6+28.4 78.7+16.3 28,3+ 9.2 103.,8+20,4 65.4%11.9
No. of Seeds/Capi‘tulwn ’1'8-9:10 6 1902f_ 1.3 16-5: 2.1 1900:!; 0,9 18032; 1.8
No. of seeds/plant 3055 + 601 1512 + 208~ 466 + 89 1972 + L4O1 1196 =+ 215
G. parviflora
Leaf afea/plant 406.6+80,3 226,0+72.9 133.7t10.8 228,0+%0.3 135,0+12.1
No, of capitula/plant 99.3+13,3 45,0+12.1 11.3x 4.3 59.9%14,3 16.4+ 2,4
No. of seeds/capitulum 25.0+ 2,7 24,0+ 1.2 2L, 2+ 1.6 26,1+ 2.1 23,9+ 1.6
No. of seeds/plant - 2481 + 702 1080 * 103 272 * 48 1557 & 308 4O+ + 82

1T T R YET O S e
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Table 4.7:

Leaf area (cmZ), reproductive behaviour and dry weight (mg) of G. ciliata and

G. parviflora as affected by litter extract and litter bed of Z. riparium
(z

= A R

FA S S ¢ T L £ BTE g R T

G. cilliata

Leaf area/plant

No., of capitula/plant
No., of seeds/capitulum
No. of seeds/plant

Dry weight/plant

G. parviflora

Leaf area/plant

No. of capitula/plant
No. of seeds/capitulum
No. of seeds/plant

S.E.)
‘ Control Litter extract . T
0% 1% 5% .Litter bed

272.8+24,3 198,3+18.6 50.2+10,8 214,3+38.6
48.,2+12.3 27 b4x 4,6 10,4+ 2,3 14,8+ 4,1
17.4+ 1,3 18.1+ 1.6 17.9% 1.9 18.3% 2.1
838.+ 212 496 + 93 186 + 26 271 *+ 39
812 * 38 521 + 23 255 £ 20 581 + 28
342.0+20.,6 173.0+15.2 98.3+9.6 122.5+12.3
53.0+13.1 23.8+ 5.0 12.8+4.3 9.6% 3.3
24,3+ 1,6 24,7+ 1.6 25.%52,1 24,7+ 2.1
1288 + 210 588 + 63 320 + 49 237 + 31
1804 + 41 752 + 32 374 + 17 338 + 17

Dry weight/plant

s

-

LL



Table 4.8: The inhibitory effect (%) of leaf extract, leachate and litter extract and litter
bed of E. riparium on leaf area, seed output and bicmass of G. ciligtatand‘

G. parviflora.

Leaf extract Leaf 1eachafe Litter extract LSD from

_ Litter bed control
1% 5% 1% 5% 1% 5% p = 0.05
G. cilinta
Leaf area 14,4 53,5 13.9 46.5 27.3 81.6 2145 22,2
Seed putput 50,5 84,7 35.5 60,8 40.8 77.8 67.6 37,3
ROOt biomass 25.3 58-0 1305 40.2 50.0 77.0 6205 3001
Shoot biomass 44,0 80,0 30.5 59.0 39,2 70,0 34.5 35.2
G. parviflors
Leaf area 44,5 67.1 L4,0 66.8 . 49,4. 71,3 64,2 Ly, 7
Seed output 56.5 88.8 37.2 83.8 54.4 75,2 81.6 38,3
Shoot biomass 59,6 89.3 42,0 64.1 54,2 77.0 78.2 L, 2

e e
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Table 4.9: Seed germination, survivorship, dry matter yield and reproductive allocation of
G. ciliata and G. parviflora as affected by the growth of E. riparium.

A U T TR SRS LT LRI A

Test species

e A

Survivor~ Yield/pot Reproductive

. amp AT

G. ciliata E. riparium

G. parviflora

Seed _
Nature of pot soil germination ship

(%) L8),
Soil from natural habitat
of E. riparium 80.0 47.8
Soil from pots containing 67.5 43,5
Soil from pots devoid of .
E. riparium 86.5 58.7
LSD, p = 0.05 18.6 5.5
Soil from nitural habitat
of E. riparium 76.6 3645
Soil from pots containing
E. riparium 72.6 39.1
Soil from pots devoid of
E. ripariun 83.7 43.5
Lsb, p = 0,05 12.2

T A AR - e~ S5 AT T T A WSS

2,6

allocation

() (%)
4,2 10.7
4,0 12.8
5.2 15.7
1.0 3.9
4.9 761
L"09 898
6.1 12.1
0.9 2.9

6/.



Table 4.10: Seed germination, survivorship, yield, shoot/root ratio and reproductive allocation
of G. ciliata and G. parviflora as affected by decomposing litter of E. riparium.

2. T LR e W

Duration of litter Seed Survi-  Yield/ Shoot/root Reproductive
Test species decomposing in pot germimg~ vorship pot ratio allocation
soil Eion(H) (%) (g) (%)
Al (No nddition of ;5 ¢ 81.1 2.7 11,6 9.6
_ 2 weeks 5643 Gy b4 0.7 1645 4,2
G. ciliata 10 weeks 65.6 59.4 1.8 12.5 6.8
20 weeks 65.6 76.1 1.9 13.4 10.6
LSD, p = 0.05 14,7 21.4 0.6 2.2 226
Control (No addition of 72.5 71.4 3.1 1.0 6.5
litter)
2 weeks | 50.7 42,8 0.9 13.5 3.9
G. parviflora 10 weeks 76 .1 52.3 2.6 13.4 6.7
20 weeks 68.2 61.3 2.3 12.6 6.6
LSD, p = 0.05 16.3 19,2 0.5 2.4 1.0

B R R e T R e T S gev g LR R ] e -
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but the growth of plumule and radicle emergihg out of such
seeds was also poor. Suppressed growth of the seedlings caused
due to inhibitory action of E. riparium might render the
already less competitive Galinsoga species still weaker to
compete against E. ;igggium. Such an argument finds support
from Lockerman & Putnam (1981). As a consequence, the competi-
tion and allelopathic effects of E. riparium on the Galinsoga
spp. play a crucial role in population regulation of the
latter, The shoot and root of the test species exhibit diffe-
rential susceptibility to the plant extracts. For example, the
root growth was much more affected by the litter extract, and
soil amended with the litter of E. riparium as compared to
shoot growth whereas the latter was relatively more adversely
affected by the leaf extract. This is in agreement wiih the
observation made by Tripathi et al..(1981).

Like other allelopathic plants (Naqui & Muller, 1975;
Dirvi & Hussain, 1979; Hussain & Gadoon, 1981) E. riparium
induced soil to#icity by releasing toxins through leaching
during its active growth and during the decay of litter. 4s a
result, the seed germination and growth of the Galinsoga species
were reduced considerably when they were grown either in soil
collected from natural habitats infested with E. riparium or in
experimental pots containing the soil amended with the litter
of E. riparium. This highlights the importance of allelopathy
in population regulation of the species as has also been argued
by Whittaker (1970). Sshikttharer & Tisdale (1969) found that
litter of Artemisia tridentata in early decomposition stage
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retarded seed germination and seedling growth of several grasses
but stimulated growth four weeks following germination, a

behaviour observed in the present study too.

Interestingly enough, while the seed ge:mination and
growth of the test species were strongly inhibited by
E. riparium in bio-assay tests, they do eccur in nature as
associates of E. fiparium although in poor density (Rai &
Tripathi, 1982b). This might be either due to buffering action
of other plant species growing in the vicinity and/or due to
difference between the concentrations of allelochemics in
nature and in the experiment. Heavy rainfall ( > 3000 mm per
year) received in Shillong might be having a great diluting
effect on the allelochemics produced by E. ripgrium. Thus,
some plant species may presumably escape unaffected by Aallelo=
chemics produced by E. riparium and may hot show the same extent
of inhibition as observed in control conditions (Rice, 1974).
del Moral & Cates (1971) and Stowe (1979) have also observed a
weak correlation between field distribution of a plant species

and the bio-assay tests pertaining to allelppathic effects,

The results highlight the importance of allelopathy as a
potent factor of population regulation. The present bio-assay
tests employed to assess the allelopathic effects of E. riparium
suggests the presence of growth 1nh1bitors which have control-
ling influence on seed germination and radlcle and plumule
growth of the two weeds. These chemical substances also

regulate the weed seed populations by reducing the seed output
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per plant. Thus the study provides an interesting example

where a weed (E. riparium in the present instance) producing

allelochemics contributes to the population regulation of the
other two weed species.,
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c) Effect of established populations of G. ciliata and
G. parvifilora on their late emerging seedling coHorts.

INTRODUCTION

Colonising species which propagate largely through
seeds usually have many seedling cohorts emerging at different
times of the year. The late emerging seedling cohorts are
exposed to competition for the available resources from the
earlier established cohorts of different ages. Thus it would
be interesting to understand, in what way the earlier emerged
seedling cohorts affect the survival and growth of the new
recruits of its own species. The most common belief is that '
the individuals that are élready}established gain better access
to the available resources as compared to those arriving later
(Werner, 1978), but quantitatiVe measuréments are meagre. The
- two exotic weedy species of Galinsoga exhibited the occurrence
of more than one seedling cohorts in nature. An attempt has,
therefore, been made to study the effect of earlier emerged
seedling cohorts representing different age groups of the two\
weeds on emergence, survival and growth of the late emerging}

seedling cohorts.

MATERIALS AND METHODS

In order to maintain seedling cohorts of different age,
two days old 10 seedlings of G. ciliata and G. parviflorg were
separately transplanted on 9 April, 4 May and 27 May 1981 in
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plastic pots of 21 cm diam. each containing 4 kg sandy loam
éoil. These seedling cohorts were of 50, 25 and 2 days on

27 May 1981. On each planting date 8 pots were maintained for
either of the two species. Out of these pots, half were sown
with seeds of each species on 27 May 1981 at the rate of 100

- seeds per pot. A control set for each of the two species was
maintained by sowing the seeds in pots where the seedlings were

not planted. The treatments were as given below:

i. G. ciliata seeds were sown in pots devoid of seedling or
plant (control set).

ii. G. ciliata seeds were sown in pots containing 2 days old
G. ciliata plants.

iii. G. ciliata seeds were sown in pots containing 2 days old
G. parviflora plants.
iv. G. ciliata seeds were sown in pots containing 25 days old
G. ciliata plants.
ve G. ciliata seeds were sown in pots containing 25 days old

paxvifiorg-ptants.

clliata seeds were sown in pots containing 50 days old

I

vi.

 [o] I.Q

. Ciliata plants.
vii.

o

. ciligta seeds were sown in pots containing 50 days old

G. parviflora plants.

Similar treatments were maintained with G. parviflora
seeds too. The experimental design consisted of 7 treatmentsv
X 2 species x 4 replicates, involving 56 pots which were

randomised completely. All the pots were supplied with equal
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amount of water and were kept in polythene'roofed net house.

After 15 days of sowing the emerged seedlings .were marked
and their fate was follow#d till the flowering and seeding at
about fortnightly intervals. The plants were harvested for
growth measurement on August 25 and 26, 1981. The above=-ground,
belowground and total biomass of.the two species were estimated

after drying the plant material at 60°C in an oven for 72 h.

RESULTS

Seed germination:

Seed germination of the two weeds decreased considerably
in the pots containing the earlier emerged seedling cohorts
(Fig. 4.5). The seeds of Galinsoga spp. sown with the seedling
cohorts of the other species of Galinsoga showed relatively

greater reduction in seed germination,

Suqvivorship of the seedlings:

Total number of survivors of the two weeds decreased with
the advancing age of the earlier cohorts and the decrease was
more when one species grew with another species (Fig. 4,5).

G. parviflora grown with 25 days old cohort of G. cidhata
showed 80% mortality which was even more than that 8bserved
with 50 days old cohort, In general, G. ciliata exhibited
better survival than G. parviflora.
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The seedlings emerged from the sown seeds followed a
similar pattern of mortality. The mortality was heavier during
early stage of life and it decreased as the seedling population
became older (Fig. 4.6). The seedlings of the two species
responded to competition offered by the earlier established
cdhorts in different ways. As compared to the control,

G. cillats seedlings facing stress from the established cohorts
exhibited relatively prolonged mortality that continued
throughout the life whilst G. parviflora showed two fold

increase in mortality during juvenile phase.

Leaf area:

The leaf area per pot of the two species decreased
considerably with increase in age of the established cohorts
(Fig. 4.7). The reduction in leaf area caused due to presence
of the established cohorts was more conspicudus when one species
was grown with another, the effect being more pronounced in
G._parviflora which appears to be more sensitive to competition
from the established cohorts.

Per plant leaf area of both gpecies was also reduced
substantially by competition from the established cohorts (Fig,
4,7). However, the extent of reduction was relatively less as
compared to decrease in total leaf area per pot. G. parviflora
exhibited relatively greater leaf areaper plant than the other
species although it was more susceptible to competition from
the established cohorts. 25 days old G. ciliata cohort reduced
the leaf area of G. parviflora by 58%, which was even more
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than the reduction cauged by the 50 days old cohort of the same

speciecse

Biomggs accumulation:

Per plant and per unit area yield of both species were
adversely v affected by their established cohorts and the effect
was correlated with age of the established cohorts (Fig. 4.8).
The two species responded differently to competition from the
established cohorts; whereas the yield of G. ciliata was not
reduced while growing with G. parviflora, the latter species
showed 38% reduction in yiéld when grown with G. ciliata. Like
other growth parameters, biomass of G. parviflora was also
greatly suppressed by 25 days old G. ciliata coﬁort.

Reproductive growth:

Reproductive performance of the two weeds was also
adversely affected by the growth of the established cohorts as
indicated by the reduction in percentage of fertile plants and
number of capitula and seed per plant (Table 4.11). The older
the established cohorts, the more the reduction in reproductive
growth caused by them. G. ciliata grown with established cohort
of G. parviflora exhibited greater fertility and produced more
capitula and seeds than when it was grown with its own
established cohorts, whilst the reverse trend was observed in
case of G. parviflora., G. parviflora grown with 25 days old
cohorts of G. ciliata failed to flower, while growing with the

old
two and fifty days/cohorts of the same species, G. viflora
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Table 4.11: Reproductive growth of the two Galinsoga spp. when grown with their established
plants of varying age (%S.E.)

Soocic 5 . Treatments*
pecies arameter I II III v \ VI VII

A

Percentage of 100+0  100+0  100x0  76.9t4.3 88.8t5.3 57,1+3.4  30.0+3.9
fertile plant

No. of capitula/5.6+1.0 5.8+0.9 6.2+1.2 2.6¥0,8  2,9+0.3 1.240.4  1.4%0,3

G. gilinta OO
No. of seeds/ 16,2+1.2 1680.9 16.2:1.4 14.3x1,2  14.181.2  14.041.0  13.8%1.0
capitulum
No. of seeds/ 91 + 7.5 95 + 8 100+12 37 * 2 4y + 4 17 + 4 19+ 3
plant
' Percentage of 100+0  100x0  100+0  40,0t3.8 0+0 50.0t4.3 25.0+3.8
fertile plant
No. of capitula/3.9+1.0 4.2+1.3 3.5+1.2 1.8 x1.0 0+0 0.9+0,3 0.4+0,2
G. parviflora plant
No. of seeds/ 21.0+1.0 2.2+1.6 22.471.0 20.0+ 1,2 0+0 18.2+1.4  19.6+2,1
capitulum
No. of seeds/ 82 +7.5.°'93.+8.2 78 4.9 36 + 3.8 0+0 16 + 2 8 r 2
plant ) ,

LoarrasTe.w

% The treatments I = VII are described under "Materials and Methods".

68
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did show some flowering.

Percentage reproductive allocation of biomass in the
two weeds also decreased in response to competition from the
established cohorts (Table 4.12). However, the reduction was
more in G. parviflora than G. ciliata. On contrary to G.
ciliata, the reproductive allocation in G. parviflora was more
adversely affected by the established cohorts of G. ciliata
than by its own established cohorts, The reduction in repro-
ductive allocation was correlated with the age of the estab-
lished cohorts. However, 25 days old cohort of G. ciliats
caused complete suppression of flowering while competition
from the 50 days old cohort of G. ciliata did not stop flowering
in G. parviflora completely.

DISCUSSION

The reduced seed germination of the two species, in pots
where the established cohorts were present, may be attributed to
non-availability of enough 'safe-sites:! Further, the shade
cast by the older cohorts may cause death of newly recruited
seedlings soon after their emergence before they became big
enough to be recorded. This is in conformity with the findings
of Tamm (1956) and Singh (1980), who reported poor germination

and seedling establishment in established communities.’

The survival and growth of the seedlings of G._ciliata
and G. parviflora was great&¥ ' reduced due to competition from

the -established cohorts, and the reduction was often correlated
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Table 4.,12: Percentage biomass allocation to reproductive parts
of the two Galinsoga spp. when grown with their
established plants of varying age.

. Treatments¥
Species
I IT 11T Iv \') VI VII
g. Cilia‘ba 14.8 1503 17.1 701 8;9 301 3.2
G, parviflora 10,1 10.3 8.3 3.1 0 242 1.0

¥ The treatments I ~ VII are described under
"Materials and Methods®.
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with the age of the cohorts. The newly born seedlings failed
to establish due to severe competition offered by the older
cohorts. Both species responded through mortality and plasti-
city. The increase in mortality due to competition from the
established cohortslappears to have been adjusted by the two
weeds in two different ways; in G. ciliata by prolongation of
mortality risk throughout the life, whilét in G. parviflora by
showing quite heavy mortality during early stage of life. The
seedlings of one species showed higher mortality when it w=as
allowed to grow with the cohorts of othef species indicating
the greater mortal response of the seedlings under interspecific
competition. The results are in ¢onformity with the observa=
tions of Friedman (1971) and Yadav & Tripathi (1982) on other
plant species. The cohorts of G. ciliata, however, exercised
more adverse effect compared to G._parviflora cohorts. Seedlings
of G. parviflora experienced maximum mortality when grown with
25 days old cohort of G. ciliata, which was even larger than
that observed with 50 days o0ld cohort. This behaviour may
probably be attributed to fluctuation in degree of interference
from the active phase (represented by 25 days old cohort) and
passive growth phase (represented by 50 days old cohort) of

G. ciliata.

The growth of seedlings of the two species was generally
retarded as shown in Table 4.13, due to the established cohorts.
Established cohort of G. ciliata suppressed the growth of its
own seedlings as well as the seedlings of G. parviflors, showingV
that G. ciliata plays more important role in population



Percentage reduction (=) or increase (+) in various growth parameters of the two

Table 4,133
Galinsoga spp. when grown with their established plants of varying age.
e
Species Parameter Treatments
IT IIT IV ') Vi VII
Leaf area/plant +3,2 +5.2 -21,9 «32.9 -30,0 -40,4
G. ciliata Biomass/plant +7.,1 t31.2 -26,0 -6,5 -41.6 -9.8
Seed Ou‘tput/plant +1+09 +10c7 -5900 -54.9 "8105 -7807
Leaf area/plant +2,8  =24,1 ~24.4 -52.7 -33,0 -34,2
G, parviflora Biomass/plant -2.3 -2.8 -25.3 -33.7 -9,6 -27.,0
Seed output/plant +13.8 -4.3 -56.0 -100,0 -80,0 -90,4

- e - ;

* The treatments II— VII are described under "Materials and Methods®,

cHh
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regulation of these two weeds. The greater regulatory influ=-
ence of G. ciliata may be attributed to its frequent branching
and faster growth which cast more shade in pots. Thus, the
availability of light to the newly born seedlings' may be
curtailed to cause suppression in growth., The argument finds
support from Andel & ROZemQ (1974) who observed keen competi-
tion for water between seedlings and adults of Chamaenerion
angustifolium, as a consequence of which nutrient uptake by
the seedlings was adversely affected. Relatively lesser
reduction in seedling growth of both the species caused by

G. parviflora cohorts may be attributed to their erect habit
and open canopy. Seedlings of G. ciliata exhibited better
growth than those of G. parviflora in all the treatments,
showing that the latter sgpecies is more susceptible to compe-
tition from the established cohorts of either species., This
also indicates that the two weeds have differential demand for

light to sustain them,

The adverse effect of the established cohort on repro-
ductive growth of the two weeds is also apparent from the
results., The reproductive allocation in G. ciliata was not
reduced to that extent as in G. parviflora suggesting that the
former species is relatively better adapted to competitive
situations than the latter. In general, the reduction in
reproductive performance of both weeds was a function of the
age of the established cohorts. HowéVer, G. parviflora grown
with 25 days old cohort of G. ciliata showed nil fertility and

the survivors remained in the state of ‘'resistance to inanition!
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a phenomenon described by Chippindale (1948), whereas some
flowering took place when it grew with 50 days old cohort of

G. ciliata.

The experimental results suggest that G. ciliata might
exercise strong regulatory influence not only on the newly
recruited seedling cohorts of G. parviflora but also on its
own seedling population, both through increased death and
plastic reduction in seed production of the surviving plants.
However, in nature where the species diversity is more, some
other associated species might also be suppressing the growth
of G, ciliata rendering it weaker and so, the regulatory
influence of this weed on G. parviflorg as revealed in the

present experiment could be assumed to be of lesser consequence.



CHAPTER V

Effect of sowing density, sowing pattern and soil moisture
and texture on population regulation of G. ciliata and

G. parviflora
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INTRODUCTION

Annual or aphemeral species reproducing solely by
seeds where the individual plants may be easily defined served
as ideal organisms for bopulation studies (Harper, 1977). The
reproductive output of such species can also be exactly assessed
in the varied environmments which prevail in the field. 3Seed
output from a population depends on the seed population in the
soil and the germination and subsequent fate of individuals at

various stages of the life cycle.

The population response of certain species to gradients
of environmental factors including moisture has been studied in
nature (Redmann, 1975) and in experimental conditions (Muller-
Dombois & Sims, 1966). The effect of density and moisture
levels on plant pOpulatipns has been emphasized by various
workers (Hickman, 1975; Snell & Burch, 1975; Foulds, 1978;
Rahman & Rutter, 1980), CLesides these, the pattern of sowing
also affects the plant populations as reported by Linhart {1976).
fThus the present study aims to examine the population response

.

of the two annual weeds, G. ciliata and G. parviflora, in

! .
relation to population density, pattern of sowing and soil

moisturé and texture.

MATERIALS AND METHODS

| A large number of mature seeds (cypselae) of each of the
two weeds was collected from the natural populations growing on.

the campus of the School of Life Sciences, North-Eastern Hill



97

University, Shillong and stored in paper bagszfiThe viability

of seeds as tested b& terazolium solution (Misré, 1968) was 96&/
in G. ciliata and 100% in G. parviflora. [Seeds of uniform size
(weight per thousand seeds was 225 *+ 2.2 mg in G. giliata and
267 + 2.6‘mg in G. parviflora) were sown in plastic'pots (21 cm
inner diameter and 19 cm depth with a hole on the bottom) filled
with two types of soil viz., clay loam (clay 34%, silt 20% and
sand 46%) and sandy loam (clay 18%, silt 10% and sand 72%). The
nitrogen, organic matter and pH of the two soil types are given

in Table 5.1. Nitrogen was estimated by the Kjeldahl method

Table 5.1¢ Initial nitrogen and organic matter content (%) and
pH of the two soil types (means + S.E.).

Soil type Nitrogen Organic matter oH
Clay loam soil 0.2 + .01 3.5 + 0.2 6.2 + 0,1
/Sandy loam soil 0.3 + .01 3.3+ 0.1 5.7 * 0.2)

\

(Jackson, 1962) and organic matter by rapid titration methed
(Walkley & Black, 1934).) 10, 30, 90 and 270 seeds of a given
species were sown in each pot on April 13 and 14, 1980, These
sowing densities are equivalent to 300, 900, and 2700 and 8100
seeds/mz. In order to see the effect of sowing pattern, the
seeds were either sown in’scattered but regular fashion or they
were clumped in groups of 10 seeds with the help of appropriate-
ly’drilled paper masks. (After seed sowing, the soil was mois~
tened by supplying each pot with 300 ml of tap water. Subsec=

quently, two moisture regimes (high and low) were maintaiined

~——
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throughout the experiment by watering the pots daily and at ten
days interval, The experimental design coﬁsisted of 2 species
x 4 seed sowing densifies x 2 sowing patterns x 2 soil textures
X 2 moisture regimes x 3 replicates, thus involving 192 pots.
The pots were completely randomised and kept in an unheated and
polythene roofed greenhouse (range of temperature, 16-38°C; mid
day light intensity, c.28.5 x 107 lux). In addition 4 pots,
for each of the two moisture regimeé, were kept as controls to
estimaté the germinable background buried seed populations of

the two weeds in the soil used in the experiment.

Seedling emergence'in each pot was observed on every
fifth day upto May 9, 1980 i.e. for 25 days from the date of
sowing after which the seed germination practically ceased to
occur, The number of survivors and fertile plants per pot, and
number of capitula and seeds per reproducing plant and per unit
area were estimated in August 1980 after 17 weeks from the
start of cxperiment when a majority of the reproducing plants
had matured and completed seeding. .After recording the above
observations, the plants were excavated whole, washed thoroughf&
to remove the soil particles adhering to the roots, and oven

dried at 80°C for 72 h and weighed for biomass estimation.

Analysis of variance and t-test were used, wherever
necessary, to test the statistical significance of the results.
The pattern of sowing significantly affected only seed

germination and plant survival, Consequently, for all the other
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parameters presented the data for sowing pattern have been

pooled.

RESULTS

Seed germination and plant survival

The seedling emergence in control pots was negligible
(41 per pot). Seed germination showed a negative correlation
with sowing density on both types of soil and with moisture
regimes (Fig. 5.1). Both the species showed significantly
(p<0.05) enhanced seed germination due to clumping of sown seeds
in almost all the treatments except in the case of G. parviflora
seeds sown in clay loam soil at high moisture level (Fig. 5i1).
Although seed germination in both the weeds was better in the
sandy loam soil, only for G. parviflora was this soil effect
significant. Of the other treatments moisture stress caused
significant (p <0.05) reduction in seed germination of
G, ciliata in clay loam soil. G. parviflora also showed a
similar response but only at high sowing density (Fig. 5.1).

G. ciliata showed better survival than G. parviflora in
almost all the treatments althougnsignificant differences
" (p<0,05) were observed only at low sowing density in the sandy
loam soil (Fig. 5.2). G. parviflora, however, showed better
survival in clay loam soil. Moisture stress and increased
seedling density caused increased mortality in both the species
(Fig. 5.2). Mortality was aiso related to pattern of sowing,
In general, the seedling survival of G, ciliata was better
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where the seeds were sown in scattered fashion (p £0,05) with
the exception in sandy loam soil at low moisture level (Fig.
5.2) but in G. parviflora this effect of scattering was observed

only at low sowing density.

Growth and Phenology:

In both species plants in the high moisture regime were
taller and reached maturity earlier than plants grown in the low
moisture regime. At low sowing density (10 seeds/pot) and high
moisture regime, plants grown in sandy loam soil showed better
growth, Flowering in both species took place earlier at high
moisture level; on average G. ciliata flowered 32 days and
G. parviflora 8 days earlier. However, there was no significant

effect of sowing density on flowering time of the two weeds.

Reproduction by survivors:

Most of the surviving plants at low sowing density
(10 seeds/pot) reached maturity and produced seeds (96% in
G. ciliata and up to 80% in G. parviflorg). But as the popula-
tion density increaéed the fertility percentage decreased
(Fig. 5.3). At low moisture regime, a significant (p ¢0.05)
reduction in fertility was observed (Fig. 5.3). The soil
texture had no significant effect on reproduction but in the
low moisture regime both weeds tended to show greater fertility

when grown in the sandy loam soil;
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- Capitula production:

Number of capitula/pot increased with increase in
density but at high densities (beyond 30 seeds/pot in
G. parviflora and 90 seeds/pot in G. ciliata) (the value
declined (Fig. 5.4). In moisture stressed situations, the
production of capitula was substantially reduced and the
variation due to increase in density was almost negligible.
G. ciliata produced significantly greater (p {0,05) numbers
of capitula than G, parviflora. In general, the production of
capitula in both species was higher in sandy loam soil than in
clay loam (Fig. 5.4) but the differences were significant

(p <0,01) only in the case of G. parviflora at high moisturc

level.

Averége number of capitula per reproducing individual
in both species decrcased with sowing density and moisture
stress (Table 5.2). At high moisture level G. parviflora
produced a significantly (p <0.05) greater number of capitula in
sandy loam soil than in clay loam but at low moisture level the
differences duec to texture were small. In G. c¢iliata, nowever,

soil texture had no significant effect.

Seed production:

‘Total seed output per pot increased with sowing density
and moisture level in both species (Fig. 5.%) but decreased at

high densities. The increase in segd‘Butput with sowing density

Vo‘(glq/
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Table 5.2: Mean capitula per reproducing plant of G. ciliata and G. parviflora grown from

different sowing densities at two soil moisture regimes and textures.

P

Clay loam soil } Sandy loam soil
Sowing densities per pot Mean Sowing densities per pot Mean

Mois~
Species ture
regime 10 30 90 270

High 8.4 7.0 5.9 3.4 6.201.1 7.6 6.9 5.8 3.1 5.9%1.0
G. ciliata

Low 3.0 2.4 2.1 1.2 2,3+0.3 2.9 242 1.8 1.5 2.1%0.3
High 509 50L|' 2.3 106 308:101 8.7 909 308 2.5 6.2:‘;108
G, parviflora :
Low 2.5 1.6 1.4 143 1.7+0,3 3.2 247 1.6 11 2,110,5
Mean +S.E. 4.9 4.1 2.9 1.9 5.6 54 3.2 2,0
+1.4 *1.3 +1,0 ¥0,5 1.5 +1.8 1.0 0,4
Source of variation Probability Source of variation Probability
Species Not significant Soil texture , Not significant
Moisture regime £ 0,01 Density Not significant
Soil texture Not significant Soil texture x density Not significant
Species x moisture regime Not significant Error Not significant
Moisture regime x soil texture Not significant
Species x soll texture Not significant

Species x moisture regime x soil texture Not significant

2oL
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i\up to the optimum level was more marked at high moisture level.

Seed production over the four sowing densities was also
influenced by the soil:: moisture level., G. ciliata produced
maximum seeds at a sowing density of 90 seeds/pot while in

G. parviflorg the maxima were attained at a sowing density of
30 seeds per pot at the high moisture regime, and at 90 seeds/
pot under . the low moisture regime, In general, both
the weeds tended to produce more seeds when grown in sandy
loam soil but only G. parviflora showed a significant
difference (p<0,01) although only at the high moisture 1eve1/)
(Fig. 5.5).

Seed outpﬁt per reproducing plant of G. parviflora
showed greater vafiation with population densities and mo#sture
levels than G. ciliata (Fig. 5.6). Seed production/plant of
G. parviflora increased significantly (p <0.05) in sandy loam
soil over that in the clay loam at high moisture level. With
increase in population density, there was a mgrked decrease in

number of seeds per reproducing plant in both species.

The mean number of seeds per capitulum in both species
did not show any significant variation with sowing density,

soil texture or moisture level (Table 5.3). However,

G. parviflora showed a decreasing trend in number of seeds per

capitulum with increase in population density.

{Moisture stress and increesing sowing density caused
significant (p {0.01) reduction in seed output/input ratio in
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Mean number of seeds per capitulum cf G. ciliata

and G. parviflora grown from

different sowing densities at two soil moisture regimes and textures.

-y

Clay loam soil

Sandy loam soil

o d Mois-
Spacies ture Sowing densities per pot Mean Sowing densities per pot 1Mean
regime 10 30 90 270 +S.E. 10 30 90 2’70 +S.E.
High 17.6 17.0 16,8 17.5 17.230.2 18.8 17.2 16,5 15.3 16,9+0,7
G. ciliata
Low 15.7 17.2 16.5 15.8 16.3+0,3 18,6 18.8 16,2 16.1 17.4+0.7
: - High 29,0 26,8 27.0 24,0 27.2+1,0 28.5 26,6 26,2 24,0 26,3:0,3
G. parviflora ~ =
Low 26.5 25.0 2‘*-.6 24.0 25-0:0.5 26.3 26.3 2600 2500 2509:_:;003
Mean +S.E. 22.2 21.5 21.2 20,3 23,0 22,2 21.2 20,1 *
- +3.,2 2,6 r2.7 2.2 2.6 2,5 +2.,8 2,5
Sodﬁce of Qafiation Probability Source of varintion 'Prqbability'
Species £0,01 Soil texture Not significant
Moisture regime Not significant Density Not significant
Soil texture Not significant Soil texture x density Not significant
Species x moisture regime Not significant Error Not significant
Moisture regime Xusoil texture Not significant
Species x soil texture Not significant
Species x moisture regime x soil texture Not significant

70!



105

both the species (Table 5.4). The ratio was greater in sandy
loam soil than that in clay loam soil for both the weeds.
However, the effect of interaction of any two factors was
insignificant with the exception of moisture regime x soil

texture,

“iﬂggroductive effort

Reproductive effort expressed as the mean number of
seeds/g biomass (Bazzaz & Carlson, 1979) showed a negative
correlation with increasing population density in both species
(Fig. 5.7). However, the value of G. ciliata was relatively
higher than that for G. parviflora, the difference being signi-
ficant (p<0.05) at all densities in clay loam soil and at low
densities in sandy loam soil at high moisture level, <?he
moisture stress caused a significant reduction (p <0.01) in
reproductive effort of both species irrespective of soil tex-
ture, G. parviflora showed greater reproductive effort in
sandy loam soil as campared to clay loam in the high moisture)

regime (Fig. 5.7).

/

‘/Total biomass:

izfotal biomass/pot of both species increased with popula-
tion density (Fig. 5.8) but this was not proportional with
increase in density. Any increase in.density beyond 16 plants/
pot resulted in either constant or reduced biomass per pot of
G. parviflora (Fig., 5.8). Populations of both weeds grown in
sandy loam soil gave significantly (p<0.05).better yield than



Table 5.4: Seed output/input ratio of G. ciliata and G. parviflora in relation to sowing density

at two soil moisture regimes and textures.

I 3

W N e SL O SR TN

Clay loam soil

Y

Sandy loam soil

Species kois- . s . C s .
ture Sowing densities per pot Mean Sowing densities per pot lMean
regime 270 *S.E. 10 30 90 270 +S.E.
High 54,8 21.2 9.6 2.9 21.1£11.5 71.7 23,6 9.6 2.6 26,8+15.5
G, ciliata
Low 0.3 2.6+1.4 9.9 4.1 1.4 Ouls 3.9+t2.1
High 13.5 4.2 1.0 13.,527.7 68,9 27.6 6.5 1.7 26,2+15.3
G. parviflors .
Low 1.8 0.6 0.2 1.8+0.9 5.7 32 1,2 0.3 2.,6+1.2
Manan :E; Selis 2503 1.1 39.0 11\"06 4.7 1.3
Source of variation Probability Source of variation Probability
Species Not significant Soil texture < 0,05
Moisture regime < 0.01 Density <0.,01
Soil texture £ 0.05 Soil texture x density Not significant
Srecies x moisture regime Not significant Error Not significant

Moisture regime

Species x soil texture
Species x moisture regime x soil texture

soil texture

<0.05
Not significant
Not significant

9oL
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in the clay loam soil. Moisture stress caused a significant

reduction in total biomass (p £0.05).

Total biomass/plant successively decreased with increase
in population density (p< 0.01) (Table 5.5). Biomass/plant of
G. parviflora was significantly (p< 0.05) higher than that of
G. ciliata., The biomass per piant of G. parviflora was greater
in sandy loam than in clay loam soil. Moisture stress caused a
significant reduction (p < 0.01) in plant biomass of both weeds
but the decrease was more pronounced in case of G. ciliata at

high density (Table 5.5).

DISCUSSION

Results on seed germination in relation to sowing density
indicate that increased seed input to the soil does not always
ensure the same degree of increase in seedling pOpulation. Such
reductions in seed germination provide a regulatory mechanism to
populations\as has been argued by Palmblad (1968a). According

'to Harper (1961) and Yadav & Tripathi (1981), seed germination
and establishment of a pkant species is determined by the inter-
action of s0il seed bank and available "safe microsites”.
Relatively poor germination of both weeds in this study at low
moisture level signifies the role of soil moisture in their
germinatién. The increased germination of clumped seeds, =s
seen in the experiment, has also been observed for several other
plant species (Ballard, 1958; Linhart & Pickett, 1973; Linhart,
19763 Waite & Hutchings, 1978). ‘CGonversely, in certain species,



Table 5.5: Total biomass (mg) per plant of G. ciliata and G. parviflora grown from different
sowing densities at two soil moisturz regimes and textures.

-

Clay loam soil Sandy loam soil

Jpp— e R T

. Moig=
Specles ture Sowing densities per pot Mean Sowing densities per pot Mean
regime 10 30 90 270 +S.E. 10 30 90 270 +S.E.
High 82.9 80.3 62.1 38.9 66.0+10,2 85,1 73.3 64,5 58,2 70.3+5.8
G. ciliata
‘ Low 59.2 41.5 31.2 22.9 38.¥+ 7.8 60,5 45,3 41,6 25.6 b43,2+7.1

High 132.2 90.4 72.5 52.4 86.8+17.0 153.4 124.4 78.5 57.9 103.5£21.6
G. parviflora

Low 81.2 49.6 39,2 38,4 52.1+10.0 102,3 81.7 44,9 37,2  66.5+15.3
Mean +S.E. 88.8 65.4 51.2 38.1 100.3 81.1 57.4 34,7
+15.4 +11.8 +9,6 +6.0 +19.6 +16.3 *8,6 +8,0

Source of variation Probability Source of variation Probability
Species < 0.05 Soil texture Not significant
Moisture regime <0.01 - Density < 0,01
Soil texture . Not significams Soil texture x density Not significant
- Species x moisture regime <0.05 Error Not significant
Moisture regime x soil texture Not significant
Species x solil texture Not significant

Species x moisture regime x soil texture Not significant

80l
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seed clumping results in decreased germination (Palmblad,
1968a3; Linhart, 1976). The positive germination response to
clumping of seeds has been attributed by Linhart (1976) to
physiological factors (possibly through production of certain
chemicals) and/or to the combined force of several simulta-
neously growing radicles that may help them emerge. Relatively
better germination of the two weeds in sandy loam soil as
observed in the present study conforms with the findings of
Waite & Hutchings (1978) and the probable cause may be the
better aeration due to preponderance of larger pores which

facilitate seedling emergence,

Seed output from the population does not only depend on
seed input but also on the events that control different
physiological processes starting with the germination of the
buried seeds to seed setting by the plants grown from these. At
each stage of 1life cycle there may be successive elimination of
individuals from the population either through mortality or
through poor growth., The plants showing plasticity may not all
reproduce successfully as observed in the present study (Fig.
5.3). Wastage of resources by non-reproducing individuals may
be critical particularly in situations where the production of
seeds is lesser than the number of seeds sown. If ncon-reprodu-
cing individuals persist for a long time as observed in the
present study the maintenance of populations may be rendered
rather more difficult. Very low production of seeds by both

weeds at high sowing densities under low moisture level
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resulting in low seed output/input ratio ( €1) demonstrates
that the population regulation may depend on sowing density and
soil moisture. In such cases the population size will kecp on
shrinking under envirommental constraints., Mortality in the
dense population grown at high moisture level occurred rela-
tively earlier as compared to the low density populations, which
may be attributed to the shade cast due to better growth of
early emerging individuals. This illustrates the significance
of emergence time in seedling fitness as suggested by Ross &
Harper (19'7‘2) » Ford (1975), Harper (1977) and Howell (1981).
Seedling mortality in both weeds was observed to be density-
dependent (Fig. 5.2) indicating that the fate of an individual
is determined by the space available to it, to feed upon the
resources present there (Ross & Harper, 1972; Inouye, 1980), as
is also refktected by the better seedling survival under the
scattered pattern of sowing. Self-thinning in response to
increasing density as reported by earlier workers (Yoda et al.,
1963; Palmblad, 1968a; White & Harper, 1970; Tripathi & Gupta,

1980) was observed in the two weeds.

Plasﬁic reduction in reproducti#e growth of the two
weeds caused by an increase in population density and moisture
stress (Fig. 5.3) also imposes restrictions on further growth
of their populations. Decrease in feftility with increasing
population density has been reported in many species e.ge
Agrostemma githago (Harper & Gajic, 1961), Avena fatua and
A. barbata (Marshall & Jain, 1969), Arabidopsis thaliana
(Myerscough & Marshall, 1973) and Bothriochloa pertusa and
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Dichanthium gnnulatum (Tripathi & Gupta, 1980). The_réproduc-
tive effort of both weeds also declined at high sowing densities
which conforms with earlier results pertaining to decrease in
production of seeds and propagules due to increase in population
density observed in Tusgilago farfara (Ogden, 1974),

Chamgesyce hirta (Snell & Burch, 1975), Sorghum halepense
(Williams & Ingber, 1977) and B. pertusa and D. annulatum
(Tripathi & Gupta, 1980). Reproductive output per unit area
vabied with density at high soil moisture level while at low
moisture level it remained almost constant over a range of
densities which indicates that both species of Galinsoga
growing in dense populations on relatively drier habitats in

field conditions may show restricted seed production.

The response of thé two weeds to..changes:in-soil ‘mois~
ture.and texture and increasing population density reveals that
- these factors affect seed germination, seedling survival and
growth of surviving individuals in varying degrees. The yield
per unit area increased with the population density in
G. ciliata but in G. parviflora it was almost levelled off at
'D16 (Fig. 5.8) showing that G. ciliata may absorb a greater
stress caused by density increase. However, fhe yvield of
G. ciliata showed greater reduction due to dedreqse in soil
moisture with increased proportion of sand in soil fhus indica=
ting differential response of the two weeds to soil moisture
and texture., The population of potential offspring of the two
weeds is Aalso regulated due to restriction imposed by these

factors on number of reproducing individuals and seed production
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as has also been argued by Harper k1977). For example, soil
moisture stress caused so much reduction in seed pppduction
that:- the ' seed output was even less than the number of seeds
sown, especially at high densities (Fig. 5.5). The reduced
proportion of sand in the soil caused 50% reduction in seed
production particularly in G. garvifiora thus indicating the
gignificance of soil texture in population regulation. Such a
reduction in seed output may be mediated either through low
nitrogen content of the clay loam soil (Table 5.1) as has been
observed by Tripathi & Yadav (1982) in'case of Eupatorium spp.,
and/or through reduced level of available soil moisture in clay
rich soils (Kramer, 1969). The effect of various physical

factors was exaggerated at high population densities which shows
that the severity of intraspecific competition coupled with the

environmental constraints operating at different stages of the
life cycle contributes a great deal to the population regula-

tion of these weeds.



L CHAPTER VI

-

Effect of density and /soil nitrogen on population regulation
of Galinsoga spp. grown in pure and mixed stands.
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INTRCDUCTION

"Role of density in population regulation of plants has
. been emphasized by Sukatchev (1928), Tadaki & Shedei (1959),
Harper & Gajic (1961), Yoda et al. (1963), Myerscough &
Marshall (1973), Harper (1977) and Tripathi & Yadav (1982) and
its effect on the reproductive capacity has been studied by
Tripathi (1968), Palmblad (1968a), Khan & Bradshaw (1976),
Williams & Ingber (1977), Watkinson & Harper (1978), Weiss
(1978), Barkham (1980), Tripathi & Gupta (1980) and White &
Hutchings (1982), but not much attention has been paid to the
studies on inter-plant variation in pure and mixed population
at varying density levels. 'Stern (1965) and Obeid et al.
(1967) found that populations initially showing a normal dis-
tribution of plant weights, later developed a skewed distribu=-
tion and the skewness was exaggerated at high population
density. It has been shown that biomass density relationship
in pure populations follows the =3/2 power law of Yoda gt al.
(1963). Later, it was observed that the =3/2 power law is also
applicable in case of mixed population of morphologically
similar species (White & Harper, 1970). Bazzaz & Harper (1976)
tested the thinning law using mixed populations of two

contrasting species grown at two fertility levels.

It was thought that a study of the response of pure and
mixed populations of two cohabiting species to soil nitrogen and
population density-could be interesting. - Thus bhe present study

was made ‘using -the two sympatric annual weeds vize, -GeRLINSCR4C
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ciliata and G. garviflor . Besides; their population regula-
tion and co-existence in nature have also been discugsed in
light of inter-plant variation in weight and capitula produc- .

tion.,

MATERIALS AND METHODS

ﬁﬂature seeds of G. gciliata and G. parviflora were
collected in November 1980 from natural populations growing in
Shillong. These seeds were air dried and stored in polythene

bags at room temperature (12°C~-18°C),

The experiment was designed as a factorial of & densi-
ties of the two species at two soil nitrogen levels in pure énd
mixed stands with three replicates. The seeds were sown in
plastic pots (internal diam. 21 cm with a basal hole for
drainage) on 6 April 1981 to raise the pure and mixed popula-
tions., After seedling emergence, thinning was done on 26 April
1981 to get the four densities viz., 4, 12, 36 and 108 plants
per pot (equivalent to 120, 360, 1080 and 3240 plants per m2).
By this time, seedlings of both the species were clearly
distinguishable (by the presence of hairs on body surfaces of
G. ciliata and their absence in case of G. parviflora). In
mixture, each of the two species contributed half of the total
density in the pot and their secdlings were alternately arranged.
‘Each pot was filled with 4 kg of homogeneously mixed air dried
sandy soil. The nitrogen content of the pct soil as cstimated

by Kieldahl method (Jackson, 1962) was found to be 0.18% which
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represented low soil nitrogen level, High nitrogen level was
created by mixing 20,62 g ammonium nitrate per pot before

sowing, which raised the soil nitrogen content to 0.36%.

The experimental pots were kept in the net house
roofed with polythene sheets for protecting against r.in, Each
pot was supplied 250 ml of tap water on alternate day, through-
out the experimental period, which was found appropriate to
keep the soil reasonably moist without causing any leaching of

nutrients,

At the end of 4 month long experimental period, the
observations were made on number of survivors and fertile
plants per pot and number of capitula and seeds per reproducing
plant and per unit area. (Per plant and per bot biomass was
also estimated. For biomass estimation the individual plants
were excavated from pots, washed thoroughly with runhing water

and then weighed.

Regression co-efficients were calculated betwveen number
of survivors per pot and mean dry weight per plant and between
number of survivors and number of capitula per plant of the two
weeds in pure and mixed populations at two nitrogen levels. The
frequency distribution of weight and capitula classes were
plotted at density 12, 36 and 108, Based on the range of
variation, ten weight classes and eight capitula éi&Sses were

recognised in both weeds at a given density.
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RESULTS

Plant mortality:

There was no mortality at density & and 12, but at
higher densities both weeds showed mortality which tended to
increase at high nitrogen level (Fig. 6.1). G. parviflora
experienced greater mortality than G. ciliata. The two species
generally showed either equal or increased survival in mixture
as compared to the corresponding pure population. However,

G. parviflora grown at highest density showed slightly lower

survival in mixture than in monoculture (Table 6.1). .

Biomass accumulation:

Biomass per plant of both weeds decreased with increase
in population density but the regression co~efficients were
considerably lower than the theoretical value of -1.5 as predic-
ted by the thinning law (Fig; 6.2). Irrespective of soil
nitrogen, the two weeds showed relatively greater value of 'r!
in mixture than in pure. Frequency, distribution curves for
biomass were close to the expected normal distribution at
density 12, but further increase in density resulted in skewed
distribution (Fig. 6.3). The skewness of biomass distribution
was more marked in G. parviflorg than in G. ciliata. However,
increased éoil nitrogen reduced the degree of plant biomass

skevness in both weeds



Fig. 6.1:

Plant mortality of G. ciliatg (C) and

G. parviflora (P) in relation to soil

. nitrogen and population density in pure

and mixed stands. The filled columns
represent pure stand and open columns

mixed stands.
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Table 6,13
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Percentage increase (+) or decrease (~) in survival,

yield and seed output of G. c¢iliata and G.

parviflora

in mixed populations as affected by population density
and soil nitrogen levels.

=

Soil Density

G. ciligta

G. parviflora

1 EraLsoEoE voSTESE. .

gégrc-f per pot Survival Yield §S§Sut Survival Yield gﬁggut
level :
L 0 -7,96 =20.43 0 +10.74 =39.90
Low 12 0 +6,02  +43,10 0 +13.28 =26,78
36 +0,06 +28.23 +77.05  +11.11 +42,23 --4,01
108 +8,04  +13,20 +92,23 ~2,15 =12.96 =11.55
4 0 +2.39 0 0 +0,36 =39,38
_ 12 0  +25.77 +59.24 0 +0.49  ~38,57
36 +14,73 +46,19 +69,59 +29,44  +0,85 -47.74
108 0  +36.84 +61.58 -9.07 =-28.46

""17.64




Fig. 6.2: Relationship between per plant biomass and

number of survivors of G. giliata and

G. parviflora as affected by soll nitrogen
level and stand nature. Continuous lines
represent the value in pure stands and

broken lines in mixed stands,
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Fig. 6.3:

Frequency distribution of plant biomass of

G. ciliata and G. parviflora in relation to

soll nitrogen and population density in purs=
and mixed stands, C and P represent the pure

populations of G. ciliata and G, parviflora

and M represents the mixed stand.
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Per pot yield in pure population of G. ciliata was
maximum at density 36 and 108 at low-and high nitrogen levels
respectively while in G. parviflora the corresponding maxima
were recorded at density 12 and 36 (Fig. 6.4). The combined
yield of the two weeds in mixture was maximum at density 36
irrespective of soil nitrogeni> In general, both species exhi=
bited better yield when grown either at high nitrogen level or
in mixture with the exception of G. parviflora grown at highest
density, where it showed c.13% and 29% reduction in yield in
mixture yig-g-vis its yield in pure at low and high nitrogen
levels respectively (Table 6.1). Percentage contribution of
the two weeds to the mixture yield was also modified by density;kﬁ
at low density (DA) G. garViflora contributed more than 59% of
total yield, but with increase in density the percentage
contribution of G. ciliata increased so much so, that at high=

est density (D,..) it contributed 2/3rd and 3/4th of the total

108
yield in mixture under low and high mitrogen regimes respect-

ively (Table 6.2).

Percentage fertile plants:

Percentage fertile plants in both weeds decreased with
increasing density‘(Fig. 6.5), but the decrease was much more
pronounced in G. parviflora. In contrast to G. parviflora,

G. ciliata population showed greater .-fertility percentage when

grown either at high nitrogen level or in mixture.



Fig., 6.4: Total yield per pot of G. ciliata and

G. parviflora in relation to population

density and soil nitrogen level in pure
and mixed stands. Triangles and circles
respectively represent the value of

G. ciliata and G, parviflora; rectangles

represent the value in mixed stands.
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Table 6.,2: Percentage contribution of G. ciliata and . _
G. parviflora in mixed population yield and seed
output as affected by density and soil nitrogen level.

. . g.'ciliata : G. parviflora
Soil Nitrogen —Densiby Tield  Seed  Yield  Seed
level per:pot output output

4 46,33 54,54 53.67 45,46
12 52,00 78 .45 48.00 2155
Low
36 59.41 77.43 40.59 22457
108 66.22 82.32 33.78 17.68
4 39.39 44,26 60.61 5574
12 50.00 61:00 - 50.00 39,00
High
36 62.31 76 .52 37.69 23,48

108 77.09 84.25 22.91 15.75




Fig. 6.5:

Percentage fertile plants of G. ciliata and
G. parviflora in relation to population
density. Triangles represent G. ciliata

and circles G. parviflora; continuous

lines for pure stands and broken lines for

mixed stands.
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Capitula production:

Number of capitula per plant declined with increasing |
density but the regression co-efficient was far lesser than the
theoretical value (Fig. 6.6)., Both species observed higher 'r!
value in mixture than in pure except in the case of
G. parviflora grown at low nitrogen level, Frequency distribu~
tion of capitula of the two weeds showed increased skewness with
increase in density (Fig. 6.7); Pure population of
G. parviflora exhibited greater skewness than G. ciliata but o
the skewness was less apparent when the two weeds were grown

either together or at high nitrogen level,

Seed production:

The effect of various treatments on number of seeds per
'éapitulum of the two species was insignificant. In both weeds,
per plant seed output decreased with inckease in population
density and decrease in soil nitrogen (Table 6.3), the decrcase
being more conspicuous in G. parviflora. G. ciliata produced
greater number of seeds in mixture than in pure while

G. parviflora showed the reverse trend.

Seed production per pot increased in pure population of
G, ciliata with increasing density particularly at high nitro-
gen level while in G. parviflora the value declined with any
increase in density beyond 12 plants per pot (Fig. 6.8). Both

species produced much greater number of seeds at high nitrogen



Fig. 6.6:

Relationship between number of capitula per

plant and density of survivors of

G. ciliata and G. parviflora as affected by

soil nitrogen in pure and mixed stands.
Explanation of the symbols is same as in

Fig. 6.2,
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Table 6.3: Number of seeds per plant (+8.E.) of G. ciliata and
G. parviflora in pure and mixed stands as affected

by population density and soil nitrogen levels.
(Figures in bracket represent L.S.D. values-at P=0,05),

-

Soil ) Q. ciliata G. parviflora
Nitro- Density . .
gen per pot Pure Mixture Pure Mixturg
level
I4
4 422+38,2 357+47.5 495+53,2 297+81.0
12 405+11.9 580+ 9.8 272+28.1 174+x26.5
Low
36 158+12.7 262+10.1 128+ 8.9 126+10.1
108 81+ 3.4 115+ 4.7 54+10.0 68+ 5.1
L.S.D. " (103) (64) (97) (38)
4 774+31.1 753+57.6 1566+243.0 949+161.8
12 572+ 6.8 896+15.7 631+55.8 578+101.2
High 36 254+ 8.7  353+32.1 410+4h.1  200+29,6
108 133+ 3.1 180+12.2 104+3,1  130+14.2

L.S.D. (124) (208) (316) (205)




Fig. 6.8: Total seed ouput of G. ciliata and

G. parviflora as affected by soil

nitrogen and population density in
pure and mixed stands. Explanation
of the symbqls is same as in Fig.

6.4,
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Table 6,4: Percertbage abortive capitula per pot of G. giiiata and
G. parviflora in pure and mixed stands as ailected
by population density and soil nitrogen levels.,

T A e

. . . G. ciliata G. parviflora
Soil Nitrogen  Density =" SeRmmes = T e
level per pot Pure Mixture Pure Mixture

L 0 V) 0 0]

' 12 0 0 0] S

Low 36 0 0 743 0
108 0 0 11.9 5.8

4 0 0 1.6 0

High 12 0 0 3.2 2.2
36 0.9 0 Tl 17.4

108 1.8 0.4 20,2 31.6

Table 6,5: Crude reproductive effort of G. ciliata and
G. parviflora in pure and mixed stands as affected
by population density and soil nitrogen levels,

- g =

Soil Nitrogen Density G. cillats §. patviflora
level per pot Pure Mixture Pure Mixture

4 14,3 1.3 10.1 6.4

Low 12 19.5 26,2 8,1 4,3

36 1309 27-5 701 6-3

108 17.9 39.1 T:3 6.4

4 14,5 13.9 10.4 6.1

) 12 19.1 22.8 9.2 8.7

High 36 13.6 15.4 8.9 4.8

108 10.9 4.4 5.1 449
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mortality at high fertility level has also been reported by
Yoda et al. (1963), White & Harper (1970), Nobel et al. (1979)
and Tripathi & Yadav (1982) in other species. At highest
density, increased martality of G. parviflora in mixture over
that in monoculture (Fig. 6.1) depicts the importance of

G. ciliata in population regulation of the former species in
nature where the two weeds often grow together in dense popula=

tions.

Although the density increase caused considerable reduc~
tion in per plant biomass of the two weeds,/the regression
co-efficients were far smaller than the expécted values showing
that the thinning did not occur as a dir&ct result of growth as
has been argued by Hutchings & Barkham (1976) and Mohler et al.
(1978)., Comparatively greatep skewness of frequency distribu-
tion of biomass in G. parviflora may be linked with the greater
competitive suppression in its growth at high density. The
reduced skewness of biomass distribution at high nitrogen regime
as observed in the present study conforms with the observations
of Bazzaz & Harper (1976) for Sinapsis alba and Lepidium sativum,
Such a behaviour may be attributed to greater supply of nitrogen
which in tﬁrn might reduce the intensity of competition. This
is also indicated by an increased yield per pot of both species
at high nitrogen level,

A comparison of response of the two weeds to increasing
density revealed that G. parviflorag is more susceptible to

density increase, At low density the yield of both species
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registered an increase in mixture over their corresponding pure
stand yields but at highest density in the mixed populations,

G. ciliata became dominant over G. parviflora and reduced the
yield of the latter. Tnis might explain as to why the two weeds
are seen growing quite well in -gparse populations in nature,

whereas the dense populations are largely dominated by

_Go Cilig Qe

Decreased fertility of the two species in dense popula=~
tions conforms with the similar response of several other
species (Palmblad, 1968a; Williams & Ingber, 1977; Watkinson &
Hérper, 1978; Weiss, 1978; Tripathi & Gupta, 1980; Tripathi &
Yadav, 1982). This may be attributed to intense competition at
high density which ih!turn reduces the number of plants attain-
ing threshold biomass required to start flowering as argued by
Thompson & Beattie (1981). In contrast to G. parviflora, a
corresponding increase in percentage of fertile plants in the
case of G, ciliata grown at high nitrogen level and in mixture
reflects better reproductive growth of its population in nitro-
gen~rich soil and its competitive superiority ovér the other

species,

In both species frequency distribution of capitula was
more skewed than that of biomass which may happen because the
yield and reproductive growth do not necessarily march hand in
hand as argued by Donald (1963) and Clay & Shaw (1981). Like
biomass, fthe frequency distribution for capitula was also

relatively more skewed in case of G. parviflora than G. gciliata
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showing the greater susceptibility of the former species to
density stress. However, the mixture of the two species exhi-
bited lesser skewness which might make their co-existence in

nature g little easier.

Although the two weeds produced substantially greater
number of seeds at high nitrogen level, they differed in their
response to interacting influence of soil nitrogen and crowding.
At low nitrogen level seed output of the two weeds tended to
decline with any increase in density beyond optimum while at
high nitrogen level G. ciliata showed constant increase in seed
output with density, indicating that on nitrogen rich habitats
increase in density does not restrict the seed production by
G. ciliata., The results also suggest that the initiation of
capitula develOpmeﬁt in both species depends upon the factors
that favour biomass accumulation while their further growth
probably requires different conditions as has also been

observed by Tripathi & Yadav (1982) for Eupatorium spp.

One might expect the competitive milieu of an organism-
to have certain effects on reproductive allocation.
G. parviflora exhibited the inverse relationship between
population density and crude reproductive effort as observed
by Ogden (1974), Snell & Burch (1975), Abrahamson (1975),
Holler & Abrahamson (1977) and Hickman (1977), while the CRE
of the other species when grown at low nitrogen regime
increased with density, which suggests that with increase in

severity of competition the population of G. ciliata dewotes
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more resources to reproduction, a response exhibited by certain

other species under stressed condition (Gadgil & Solbrig, 1972;
Hickman, 1975). The CRE of one weed was also influenced by the
presence of the other. In contrast to G. g¢iliata, G. parviflorg
showed lower CRE value in mixture than in monoculture sugges-
ting that G. ciliata exercises a strong regulatory effect on
the population size of the other weed. Such a strategy adopted
by G. ciliata coupled with its competitive supefiority and
better reproductive growth in mixed population enables this
weed to dominate over G. parviflora in dense populations in
nature. However, the subtle differences in plastic response of
the two species to interacting influence of the population
density, soil nitrogen and competition between them as observed

in this study enables the two weeds to co=exist in nature.



CHAPTER VII

e B

Effect of herbivory on competitive interaction and growth of
G. ciliata and G, parviflora populations
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INTRODUCTION

Although herbivory has been reported to piay a signifi-
cant role in the evolution and population dynamics of plants
(Gillett, 1962; Ehrlich & Raven, 1964; Fraenkel, 1969; Feeny,
1976 ; Bnoades & Cates, 1976), relatively little is known about
its specific effects on thle growth and reproductive success of
plants barring those belonging to the category of crops.
Moreover, virtually nothing is known about the effects of inter-
action between herbivory and congeneric competition (Harper,
1977). It has been shown by several workers (eg. Collins &
Aitken, 1970; Maun & Cavers, 1971; Rockwood, 1973; Cates, 1975;
Janzen, 1976; Waloff & Richards, 1977; Stephenson, 1978; Lee &
Bazzaz, 1980) that manual clipping of foliage causes reduced -
seed and biomass production. But the response of plants to
such simulated defoliations cannot be equated to the effect of

herbivory which prevails in natural conditions.

An investigation into herbivory of weedy species may be
particularly helpful in evolving an integrated weed control
programme by using selected biological control agents. While
studying the population dynamics of G. ciliata and G parvifiora
it was noticed that in field condition the populatiqns of these
weedsvwere adversely affected due to predation by the foliage—
feeding herbivores (slug- Mggiaélla dussumieri Gray. Pulmonatar

riophantidae and some Lepidopterons). This prompted to study

th\e relationship between these herbivores and their host,
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G. ciliata and G. parviflora, by transplanting the experimental
plants into natural environment and by exposing them to natural
populations.of herbivores. This study was carried cut to
examine: (i) the effect of the herbivores on the fitness of the
two weeds which are predated upon by them; (ii) whether the
degree to which the herbivores reduce plant fitness is in any
way dependent on the pure and mixed nature of the populations;
(iii) the effect of herbivory on the competitive success of the

weeds.

MATERIALS AND METHODS

The study was conducted in the experimental field under
the thin canopy of the pine stand on the campus of the School
of Life Sciences, North-Eastern Hill University, Shillong,
between May to September 1981. One half of the experimental
field was protected against herbivores by aluminium net (net
size = 0.64 mm?) covering, which gave a growth chamber of
2.5 x 2.0 x 1.0 m capacity and the other half was left uncovered,
to allow free activity of the herbivores. These two treatments
have been henceforth referred 'as the protected and unprotected
plots in the text. In each of the two plots, twelve subplots
of size 25 x 25 cm2 were delineated in such a way that inter-

subplot distance was 30 cm.

Mature seeds of the two weeds, collected from the road-
side populations at Shillong in November 1980 were separately

kept for germination in shallow trays filled with sandy soil at
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25 + 3°C in BOD incubator. The seedlings were allowed to grow
in the trays for 3 days, afterwhich they were transplanted to
the experimental plots on 22 May, 1981. The pure ana mixed
populations of the two weeds were raiged to give an overall
density of 36 plants per subplot (equivalent to 576 plants/m2),
the inter=-plant distance being 4 - 5 cm. In mixed population,
each of the two species had 18 plants per subplot representing
50% of the total density and the individuals of the two species
were planted alternately. The treatments consisted of the pure
populations of G. ciliata and G. parviflora and 1:1 mixture of
the two weeds in both protected and unprotected conditions.
There were 4 replicates for each treatment and the subplots
under a given condition were completely randomized. Each sub-
plot was sprayed with equal amount of water on requisite date

throughout the study period.

The observations on number of plants damaged by herbi-
vores and finally died in each subplot, were made and compared
with the corresponding protected plots. In order to evaluate

the effect of feeding damage, a regular and frequent observar

.
‘.

tion on the number of leaves produced by individual plant and
leaf area existing at the time of observation was made. For
estimation of leaf number and leaf area 8 plants per subplot

in pure and 8 plants of each sbecies per-subplot in mixture
were tagged randomly and their fate was followed. However, the
data presented on leaf number and leaf area per plant are means‘
of observations recorded from only 24 plants per treatment-as

e

some of the tagged plants also died during experimental period.
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Besides, a monthly observation was made at dusk to have an idea

about the abundance of herbivores, which is given in Table 7.1,

After 4 months growth when the plants attained maturity,
the numbers of capitula and seeds per plant and per unit area
were estimated. For dry matter estimation the plants from the
plots were excavatal whole, the root system was washed thorough-
ly with a fine jet of running water and the component plant
parts were separated, oven dried at 60°C to constant weight and
weighed.

RESULTS

Percentage damage and plant mortality:

Although both weeds were considerably damaged by the
herhivores and showad an increased mortality in the plot where
plants were exposed ®o predation, G. parviflora suffered more
due to herbivory in both pure and mixed stand (Table 7.3).

Vegetative growth:

(a) Leaf production: The plants of G. ciliata subjected to

herbivory produced more leaves than those protected from it,
while in the case of G, parviflora though in pure stand there
was substantial increase in leaf number per plant duc to
herbivory, in mixture a sharp decrease was observed (Fig. 7.1).
However, G. parviflora produced greater number of leaves than

G. ciliata.
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Table 7.1: Density (per pldt) of herbivore of Galinsogs spp.
observed in the unprotected plots during study

period.
Herbivores Observation dates; 19381
8 Jun. 12 Juks - 12 Auge 4 Sept.
Mariaella dussumieri Gray 1.75 2.25 % 16 0.84
Pieris napi (Linn.) 0.60 0.66 0.0 0.0
Heliothis armigera Hbn. 0.0 0.84 0.75 0.0
Plutella maculipennis Curt.0.0 0.0 1.25 1.50
Noctuid lavae 0.0 0.66 1.50 2417
Unidentified ' 0.33 0.75 1.08 1633
Table 7.2: Extent of damage and mortality (*S.E.) of Galinsscsim
as affected by herbivore predation in pure and mixed
populations.
Soccies Nature Protected plot Unprotected plot
P of Damage  Mortality Damage  Mortality
stand (%) (%) (% (%)
Pure 0 1h.3+1.4 6L.3+4,2  24,6+3,4
G. ajiliatme
Mixture 0 12.7+4.,2 60.3£3,6 22.2+3,1
Pure 0 15.1+0.8 72.2+4,6  37.3+2,9

G. parviflora
Mixture 0 15.9+1.6 71.3+5.1  41,2+1.6




Fig. 7.2: Leaf area per plant of G. ciliata and

G. parviflora in pure and mixed stands

as affected by the herbivore predation.,

Explanation of the symbols is the same

AS in Figo 7010
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Table 7.3: Percentage reducation in leaf areg, seed and dry
matter production per plot of G. £iliata and
G. parviflora as affected by herbivore predation
in pure and mixed populations.

—— o

Dry
Species Nature cf Leaf area Seed output matter
stand yield
Pure 26.9 30.6 1346
G. ciliata
Mixture 21.2 24.0 11.8
Pure 47.8 39.2 319

G. parviflora
Mixture 60.9 60.0 53.9




Fig, 7.3:

Replacement series diagram based on biomass

per pot of G. ciliata and G. parviflora as

influenced by the herbivory. Explanation

of the symbols: triangles represent yield oy

G. ciliata and circles by G. parvifiora; the

filled circles represent combined yield in
mixed stand; vertical bars represent S.E.

values.

e —
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Table 7.4: Reproductive behaviour and biomass (mg) of G. cillata
as affected by herbivore predation in purc and mixed

populations,
~ p U -d plot
Character rotected plot nprotecﬁed o}
Pure Mixture Pure Mixture
No. of capitula/plant 13.5 14,2 11.5  12.4
No. of seeds/plant 2L47,7 260,11 196.0 22043
Biomass/plant 648.7  759.2 639.2  751.4
Source of variation - Probability
Canitula Seed Biomass
Stand - N.S. <0.05 <0,05
Fredation <{0.05 {0.05 HaS.
Stand x predation = N.S. N.S. N.S.
Error N.S. N.S. Nede

iz

N.S. = Not significant.

Table 7.5¢ Reproductive behaviour and biomass (mg) of g, parvi-
flora as affected by herbivore predation in pure and
mixed populations.

Protected plot Unprotectad plot

Character
Pure Mixture Pure Mixture
No. of capitula/plant 9.7 10.7 8.0 5.8
No. of seeds/plant 2L2 .7 251.2 187.5 140.3
Biomass/plant 659.6 728,0 600.0 489,3
Source of variation Probability
Capitula Seed Biomass
Stand N.S. N.S. N.S.
Predation 0,05 ‘ <0.05 <0,05
Stand x predation 0.05 <{0.05 <{0,05

Error : N.S. N.S. N.S.

N.S. = Not significant.
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Reproductive growth:

(a) Phenology: Flowering and fruiting in G. ciliata was not
influenced either by stand nature or bj herbivore preacation,
while in case of G. parviflora the plants grown in mixture and
subjected to predation flowered 2Q days :later than the protcc-
ted plants, However, all the plants surviving in the plots

- flowered during the study period irrespective of herbivory.

(b) Seed production: Per plant capitula and seed production of
the two species was considerably reduced due to herbivore predér
tion (Table 7.4 & 7.5). The capitula mortality was, however,
nil. Both weeds produced more capitula and seeds in mixture
than in pure except in G. parviflora in the mixed population
subjected to predation (Table 7.5).

Seed production per plot also exhibited similar trend
(Fig. 7.4), but the reduction due to herbivory was more marked

in G. parvifldra especially in mixed population (Table 7.3).

Resource allocation:

G. parviflora allocated relatively greater biomass to
roots as compared to G. ciliata, while the latter allocated more
resources towards reproduction (Fig. 7.5). Herbivory caused
reduction in resource allocation to leaves in both weeds while
the root allocation was reduced only in G. parviflora. Howef r,

\
the resource allocation of the two weeds was independent of stand.

composition,



Fige 7T.4:

Fige 7.5:

Replacement series diagram (based on seed

output per pot) of G. ciliata and

G. parviflora as influenced by the herbivory,

Explanation of the symbols is the same Aasg in

Fig. 7.3.

Dry matter allocation of G. ciliata and

G. parviflora to differ:nt plant parts as

affected by herbivory and nature of the stand.
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DISCUSSION

A fairly high fraction of the natural pspulations of bhoth
species of Galingoga was damaged by the herbivores which caused
defoliation of plants. The reproductive success of such popula-~
tions was greatly reduced and mortality increased. Feeding damage
by herbivores has also been reported to cause plant mortality in
other species (Chatters & Schlehuber, 1951; Kulman, 1971; Dixon,
1975; Rausher & Feeny, 1980). Relatively greater mortality risk
in the young populations as seen in this study may be due to the
fact that the defoliation caﬁsed by the herbivores in young stage
of growth may render the plants incapable of synthesising enough
assimilates required for the production of new leaves for their
sustenance., This argument finds support from Janzen (1971) .

Further, more damage caused by the herbivores to G. parviflora

may be attributed to its higher content of triterpenes, saponins,
tanins, flavonoids and glucosides which make it more preferable
for the phytophagous insects and other herbivores (Plekhanova

et al., 1977) .

Herbivore feeding caused significant reduction in dry
matter production of the two weeds as has been observed by
Jameson {1963), Kulman (1971), Bentley & Whittaker (1979) and
Whittaker (1982) in other species. Comparatively greater reduc-

tion in biomass of G. parviflora may be linked with its prefe-

rential feeding by the herbivores, especially in the mixed popu-
lations where the defoliation might reduce the competitive

ability of G. parviflora, thus forcing it to occupy a subordinate

position, In the mixture, the leaf number and leaf area per

plant of this weed were also roduced, However, both species
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registered an increase in foliage production in response to
defoliation showing a strategy to cope with herbivory (Owen &
Wiegert, 1976). In contrast to the observation made by Caldwell
et al. (1981), the present study depicts that a species whicia

produced greatest foliage surface suffered most from herbivory,

A reduced amount of photosynthetic tissues of
G. parviflora in the mixed population, not only caused decrease
in its own yield (Fig.7.3) but also conferred competitive
advantage on G. ciliata. Less than one ( <1) RYT value obtained
in the unprotected plots ims in conformity with the earlier works
(Windle & Franz, 1979). In another study (Chapter VI) it was
observed that G. ciliata did not show competitiye superiority
over G. parvifiora in the mixed population even at a density
level of 810 plants/mz, while in the present study G. ciliata
proved to be a stronger competitor than G. parviflora at a lower
density (576 plants/mz). This suggests that under the influence
of herbivores, G. parviflora may suffer in competition with
G. ciliata in moderately dense populations.

A substantially reduced seed output of the two weeds
when exposed to predaﬁion signifies the roie of herbivory in
their population regulation. The plants exposed to herbivore
feeding have a much lower chance of reaching reproductive phase
and of producing seeds, than does a plant protected froﬁ herbi-
Tury, especially in G. parviflora where predation caused delay
in flowering. A similar delay in the onser of reproduction

consequent on defoliation has been observed by Collins & Aitken
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(1970) in Trifolium subterraneum and by Dirzo & Harper (1980)

in Capsella bursa-pastorigs Further, the situation would have
been still worse if the seed predation, as reported in other
species (Davidson, 1977; Borchert & Jain, 1978; Brown gt al.,

1979), had also occurred in these weeds.

As has been found for other plant species (Ellison,
1960; Jameson, 1963; Bentley, & Whittaker, 1979; Rausher &
Feeny, 1980), the reduction in root allocation due to defolia~-
tion was observed in G. parviflora but not in G. ciliata. Such
a reduction in root allocation may be attributed either to:
(i) the transportation of plant resources that are used to
produce new leaves after defoliation from the roots or (ii)
reduction in the total amount of photosynthate that is transpor-
ted to the roots for storage due to decrease in growth rate as
a consequence of defoliation. However, the data do not help in
determining the relative importance of these alternatives in

resource allocation to the roots.

The results indicate that herbivory has an important
role to play as a biorregulator of plant populations, although
the two weeds attempted to cope with it either by producing
more leaves or by maintaining the aboveground biiomass at the
expense of the roots. Both the species are palatable but
slightly more preference was observed for G. parviflora, as a
result of which the other component in the mixture i.e.

G. ciliata becomes more competitive in the predated plots,

while in the absence of herbivory G. parviflora was not
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suppressed by G. ciliata. It has been argued ('Sibma et at.,
19643 Windle & Franz, 1979; Lee & Bazzaz, 1980) that a suscep=
tible or preferred species is affected more severely by herbi=-
vore when it occurs simultaneously with interspecific competi=
tion. This seems to be largely true with .G. parviflora which
manages to co-exist with G. ciliata in the herbaceous communi-
ties in nature but occupies a subordinate position. Herbivory, ,
thus assumes a great significaneeas a factor deciding the out=-
come of competitive interaction among plant species and it may
contribute a great deal to the population regulation of certain

weedy species like G. parviflora,



CHAPTER VIII

n———

Effect of light intensity and 2,4~D on the Galinsoga
populations
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INTRODUCTION

Among the herbicides, 2,4~D has been most widely used
for controlling the dicot weeds. Any attempt to control a
species through chemical means must take into consideration the
effect of the herbicides when applied at different stages of
plant life, A4 few interesting studies have been made by
Mc Ilrath & Brgle (1952Z) and Klingman (1953) on the effect of
2,4-D applied at different growth stages of cotton and wheat
plant respectively. Khosla (1969) studied the effect of 2,4~D
on growth of seedlings of some weedy species. Although the
effect of 2,4~D on weeds has been studied by various workers,
the effect of other envirbnmental factors such as light inten-
sity in conjunction with 2,4~D on population regulation of

weeds has not been studied intensively.

In the present study an attempt has been made to
evaluate the effect of two concentrations of 2,4-D and light
intensity both singly and in combination on the population
growth of two cohabiting annual weeds, G. ciliata and
G. parvifiora, As the two weeds exhibit:more than one seeéliné
cohorts emerging at different times (Usami, 1976), the popule-
tions are likely to be represented by the individuals of
different age groups. The experiment was, therefore, extended
to study the effect of 2,4~D when applied at differant stages
of growth of the two weeds.
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MATERTALS AND METHODS

The experiment was conducted in an unheated polythene
roofed nethouse which was parti%ioned into two compartments.
The roof and two sides (east-and west-facing) of one of these
compartments was covered with coarse cloth from inside for
reducing the solar radiation to 75% of that available in the
other compartment which was uncovered. The experimental plants
grown in the two compartments were thus exposed to reduced and
normal light conditions, henceforth referrced to as the low and
high light regimes,

Freshly collected seeds of G. ciliata and G. parviflora
were separately sown in experimental pots (21 cm diam, with a
basal drainage ﬁole) on 5 March 1982 and the each pot was
supplied with equal amount of water. After seedling emergence
population was thinned down to 20 per pot on 15 March 1982,
The aqueous solution of 2,4-D was sprayed in two concentrations
on two different stages of plant life., The two herbicide
concentrations (low and high) were 3 mg per pot or 0.9 kg per
hectare and 6 mg per pot or 1.8 kg per hectare and the two
stages of plant growth were seedling and flowering stage. The
dates of herbicide application were March 25 and May 4, 1982.
On each date of herbicide éppliqation 3 pots of either species
under each of the two light regimes were sprayed with respective
concentrations of 2,4-D, Thus 2 concentrations of 2,4~D x 2
times of application x 2 light regimes x 3 replicates = 24 pots

was the experimental plan for each of the two species. Besides
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these, 3 extra pots for each of the two light regimes were kept

as control where 2,4-D was not sprayed.

The number of survivors and fertile plants per pot and
number of capitula and seeds per plant and per unit area were
determined in July 1982 after 18 weeks from the start of the
experiment when majority of the capitula had matured and
completed seeding., After recording the above observations,
plants were uprooted whole and leaf area was measured. The
biomass was determined by drying the plant material to constant

weight in a hot air oven at 80°C for 48 h.

The mature seeds harvested from cach pot were kept in
labelled polythene bags and were weighed in lots of 50 seeds per
sample for estimating the crude reproductive effort (Harper &
Ogden, 1970). The seed viability was tested by using 0.1%
agueous solution of tetrazolium chloride (as outlined by Misra,

1968) ,

Data ware statistically analysed and LSD and SE. values

were calculated.
RESULTS

Plant survival:

Both species showed greater survival under high light regime
where 2,4=D was not sprayed, but in the pots sprayed with 2,4=D
G. ciliatg showed better survival in low light regime (Fig. 841).



Fig. 8.1t Plant survival of G. ciliata and

G. parviflora in relation to concentration

and time of application of 2,4~D under two
light regimes., Explanation of the symbols:
circles represent high light regime and
triangles ldw light regime; open symbols
for the application of 2,4-D at seedling
stage and filled symbols at flowering stage.
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Applicafion of 2,4=D at seedling stage caused relatively
greater mortality which increased at the higher concentration.
However, mortality of the two weeds in response to 2,%4-D was
far less under low than at higher light regime. The higher
concentration of 2,4=D resulted into death of all the plants
of G. parviflora under high light regime while at low light

intensity at least 10% of them managed to survive.

Biomags accumulation:

Per plant biomass of the two species decreased due to reduction
in light intensity, the effect being more conspicuous in

G. parviflora (Table 8.1)., The reduction in plant biomass was
direct function of 2,4-D concentration. The low concentration
of 2,4=D sprayed during flowefing caused much more reduction
in biomass as compared to that applied in seedling stage, but
the higher concentration showed reverse trend. The effect of
2,4~D was more pronounced under high than under low light

regime,

Total yield of both species decreased with increased
2,4=D concentration and decreased light intensity, the decrease
being more pronounced where 2,4=D was applied at the seedling
stage (Fig. 8.2). G. ciliata was less affected than the other
species due to change in light intensity, and G. parviflora
was comparatively less affected by the 2,4-D treatments.
Although 2,4-D application at the flowering stage caused
reduction in biomass of.the two weeds at low light regime,

the effect did not differ due to the herbicide concentration..



Table 8012

Biomass per plant (mg +8.E.) of G. ciliata and G. parviflora as
affected by time and concentration of 2,4-D application and light

intensity.

Light Low concentration High concentration
Species integSity Control Seedling Flowering Seedling Flowering

stage stage stage stage

t ,f‘ T

. High 516.6+21.4 430.7+16.6 377.1+12.8 0,0+0.0 200.8+24.6

G. ciliata - - -
Low 313.8£18.5 250.0£26,1 234.6x22.2 0,0%+0.0 146,2+13.5
High 645,9t28.4 572.7+20.6 557.1+18.9 0,0+0.0 320,0+21.3

G. parviflora

Low 350.,8+16.2 233,3:14.6 224.,4+17.5 205,0+9.8 185.8+16,8

Gl



Fig. 8.2:

Yield of G. ciliata and G. parviflora as

affected by the concentration and time of
application of 2,4-D under two light
regimes. &Sxplanation of the symbols is

the same as in Fig. 8.1,
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Leaf area ratio:

In both weeds, leaf area ratio decreased at the higher concen=-
tration of 2,4-D (Fig. 8.3), but the decrease was more marked

in G. ciliata under the high light regime. G. ciligta showed

maximum leaf area ratio when gown at low light regime without
herbicide application, The reduced light 1ntensity‘caused

increase in leaf area ratio in other treatments as well,

G. parviflorsg exhibited maximum leaf area ratio where
the plants were grown at high light regime and were sprayed with
low concentration of 2,4-~D at seedling stage. In contrast to
G. ciliata, the leaf area ratio of G, parviflorg decrcased at
low light regime (Fig. 8.3).

Seed production:

Seed output per plant and per pot in both the species decreasged
with increased 2,4-D concentration and reduced light intensity
(Table 8.2 & 8.3; Fig., 8.4). In G. ciliata the concentration
of 2,4~D reduced ber plant seed production by 10-fold compared
with 3-fold decrease in G. parviflora., The effect of 2,4~D
was much more pronounced on G. ciliata whilst G. parviflorg
was more affected by light.

At low light regime, the reduction in seed output of
G. parviflorg due to 2,4~D was insignificant. However, the time
and concentration of 2,4~D spraying appear to be quifé important.
The lower concentration of 2,4-D applied at the“?%édlfhé‘%%ﬂge



Fig., 8.3: Leaf area ratio of G. ciliata and

G. parviflora as affected by the

concentration and time of application
of 2,4-D under two light regimes.
Explanation of the symbols is the same

as in Fig. 8.1,
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Tr'-'{ble 802:

Average number of capitula/plant, seeds/capitulum and
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seeds/plant and crude reproductive effert of G. ciliata
?ssa§f§cted by 2,4-D application and light intensity
+ L ] * *

Light Concentra-

Time of appli-

Capitula/ Seeds/ Sceds/ CRE

inten- tion. cation plant capitu- plant
sity Lum
o (control) 16.,8+1.2 18.3+1.9 308+32.3 18,9
Lo Seedling stage 5.0+0,6 14.,3+1.6 72:r8.,9 5.9
High Flowering stage 6.4+0,4 12,1+0,8 78§9.4 4.6
High Seedling stage el = -y, -
Flowering stage 4,0+0.3 9,2t1,6 37+5,3 4,2
o (control) 12,6+1.0 16.8+2,1 211+22.5 14.8
Seedling stage 3.0t0.6 15.7+1.,9 47+6.1 4.2
L Low Flowering stage 3.,6+x0,4 10.,281,4 3748 3.5
ow .
High Seedling stage -~ - - -
Flowering stage 2.0+0.3 10.2+1.3 20%2.6 3.1
Table 8+3: Average number of capitula/plant, seeds/capitulum and

seeds/plant and crude reproductive effort of G. parvis .
flora as affected by 2,4~D application and light

intensi&y (+S.E.).

— am—.

Light Concentra-

Time of Aappli-

Capitula/ Seeds/ Seeds/ CRE

inten~ tion cation plant capitu~ plant
sity ' lum
o (control) 12.3+1.8 26.,3+2,0 323+36,5 13.4
Seedling stage 8.6t0,9 27.5+2,1 236t22,8 10,5
High Low Flowering stage 10.5+1.2 22.3+1.9 234123,6 9.1
o Seedling stage - - - -
High Flowering stage 4.9+0.4 20.6+1.8 101£15.2 7.8
o (control) 3.2x0,4 22.2t1,9 71+ 6.8 649
Seedling S'tﬂge 2.9:_0.3 22.8'!_2.1 661'_ 7.5 7.0
Low Low Flowering stage 2.630.3 22.1%1.3 57+ L,3 6.2
0 Seedling stage 2.0+0.3 21.2+1.3 42+ 3.4 5.2
igh Flowering stage 1.1#0.2 17.8+1,2 18t 2,9

3.3




Fig. 8.4:

Seed output of G. ciliata and G. parviflora

as affected by the concentration and time of
application of 2,4-D under two light regimes.
The symbols (lll) and (&) represent 2,4-D

application at seedling and flowering stages
respectively. Open bars represent the values

in control treatment.



&~

Seeds {in ﬂm’sands) per pot

L d
T

G.ciliata G.parviflora
High light Low light High light  Low light

- |Lsp,p20.05
| N
[ \ | 7
- /

SRR

"\

N

0 os” W 00978
2,4-D concentration ( kg /hectare)



148

had much more reducing effect on the seed production than even
the higher concentration used at the flowering stage. However,
differences in seed output per pot was primarily due to diffe-

rences in number of .lowering plants under these treatments.

Crude reproductive effort:

Crude reproductive effort of the two weeds decreased at the
higher concentration of 2,4~D and decreased light intensity
(Table 8.2 & 8,3)., Like other parameters, CRE @f G, ciliata
was also more affected by z,éLD than by light, while the other

weed was more affected by light. However, the CRE of G. ciliata
was  greater than G. parviflora.

Seed viability:

Seeds collected from the plants grown under the high light
reéime showed greater viability in comparison to those produced
under the reduced light intensity (Table 8.4). The use of 2,4=D
at the flowering stage caused greater loss of seed viability as
compared to 2,4-D spray at the seedling stage. The viability

was férther reduced with increasing concentration of 2,4-D,

DISCUSSION

The results suggest that the two weeds experienced
greater mortality due to herbicide application and reduction in
light intensity. Increased mortality due to increase in 2,4~D

concentration as observed in the present study has also been
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able 8.4 Seaiv&éﬁiﬁity(%) of G. ciliata and G. parviflora as
affected by time and concentration of 2,4-D application

and light intensity.

e i et e

. Low concentration High concentration
3pecies Light
inten- Control Seedling Flowering Seedling Flowering
sity stage stage stage stage
High 9L 100 42 - 26
1, ciliata
’ Low 89 86 56 - 40
High 1000 100 60 - 42
i, parviflora
Low 64 78 61 62 34
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reported by other workers (Das & Laloo, 1978), Such a response
may be attributed to the increased goncentration of 2,4~D in
plant body, which reduces the uptake of minerals from the soil
(Cocke, 1957) and rate of photosynthesis (Loustalot & Muzik,
1953), The unfavourable effect of 2,4=D on these two physiolo=-
gical processes miszht cause plant mortality and the seedling
populations being most susceptible suffered the heaviest
mortality., Relatively greater mortality in G. parviflorg at

. reduced 1light regime highlights the importance of iight in
regulating the population of this weed,

A substantial reduction in Yield of the two species
in response to the herbicide spray is in agreement with the
observations made by Mc Ilrsth & Ergle (1952), Klingmen(1953)
and Bhan et al. (1970) on other plant species. Mc Ilrath ‘&
Ergle (1952) also reported the maximum effect on seedliqgs, n?
which supports the observations of the présent study. Compara-
tively gfeater reduction in per plant biomass of G. ciliaty due
to herbicide may be atbributed to its hairyness which might
facilitate the absorption of 2,4~D as argued by Klingman (1973).
Zhe méﬁi effect of 2,4-D under reduced light condition may be
linked with poor absorption of the herbicide under such condi=-
tions (Blackman & Rober#Cunninghame, 1955; King, 1974),

The two weeds responded differently to ligﬁt intensity.
At low light regime the leaf area ratio of G. ciliata increased
sulstantially, while in G. parviflora a sharp decrease was
observed. This suggests that G, ciligta may grow successfully
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in the areas receiving low light intensity, whereas

G. parviflora shows poor growth on such habitats. It has been
suggested (Pandey & Sinha, 1977) that the species adapted to
low light intensity show increase in leaf area rati¢ with
reduction in light intensity. Thus, G. giligts may be

considered as a r-latively shade-tolerant species.

Although both species showed plaStic-reductibn in seed
output as a result of decreased light, the reduction was much
greater in G. parviflora, indicating that both the species
tend to respond similarly to light conditions, but during the
course of evolution they might have become adapted to different

light intensities.

The decrease in seed viability of the two weeds in
response to herbicide agpplication is in agreemént with the
observations of Taylorson (1966), Poweil & Taylorson (1967)
and Maun & Cavers (1969) on other plant species., Crude
reproductive effort of the two weeds also decreased due to the
herbicide application and reduction in light. However, the two
different conc?ntrations of 2,4-D used at seedling stage had
almost the same effect. Maun & Cavers (1969) and Dubey & Mall
(1975) have also observed that different concentrations of the
herbicide used either as preremergence treatment or at the
seedling stage of plant do not exhibit differential ecffect in

long run,

It may be cencluded that the application of 2,4~D at

seedling stage provides an effective control measure for the
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two weeds which not only showed heavy mortglity but =zlso
exhibited substantial plastic reduction in reproductive growth,
Further, the study reveals that the effieaey of 2,4-D was
modified by the light intensity and age of the weeds at which
it wgs applied., Thus the population of these two weeds may be
effectively regulated by the herbicide only when the environ=-
mental facgors (light in the present case) are favourable for
herbicide action and the application is made at the vulnerable

stape of plant development,



General Discussion
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GENERAL DISCUSSION

The data on the dynamics and regulation of populations
of the two species of Galinsoga presented in the preceding
chapters, reveal the possible role of environmental factors
operating at different growth phases to regulate their popula=-
tion size. Both the weeds have a fairly high population of
seeds in soil, of which a very small fraction could give rise
to mature plants. This indicates that at each stage of life
cycle there may be successive «éiimination of individuals from
the population either through mortality or through non-func-

tiohing.

Seed germinationgtudies in relation to seed sowing

density of the two species (Chapter V) indicate that increased

seed input does mot always ensure the proportional increase

in seedling population., Such reduction in seed germination
provides regulatory mechanism to populdtion as has also been
argued by Palmblad (1968a). Harper (1961) and Yadav & Tripathi
(1981) opined that seed germination and establishment of a
plant species is determined by the interaction of soil seed
bank and available 'safe microsited!. In cropland situation, in
spite of high seed population in soil, both weeds showed poor
seed germination in 1981 (Chapter III) which may be due to
increased density of assbciates. This is also confirmed by
the results where the seeds introduced to established vegeta~
tion showed poor germingtion (Chapter IV). The decrease in

seed germination of the two species due to associates may be
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attributed to lack of enough !'safe-sites' (Harper & Gajic,
1961; Tripathi & Dwivedi, 1978) and/or production of some seed -
germination inhibitors by the associated vegetation.
Eupatorium riparium and E. adapophorum which grow as the
dominant associated species on the study plots are known to
have allelopathic effect on seed germination of the two weeds
(Tripathi et al., 1981; Rai & Tripathi, 1982b). Further, the
sowing of seeds of the Galinsoga species in clumps gave better
germination, which might be accounted by the production of
promotary chémicals and/or the combined force of simultaneously
growing several radicles that may help them in emergence as
suggested by Linhart (1976). Besides, the abiotic factors such
as moisture stress, seil texture (Chapter V), low temperature
during winter and reduced light have been observed to exercise
considerable influence on the seed germination and growth of

the two weeds.

After ecmergence, seedlings have to face various environ-
mental hazards together with competition for resourccs, which |
reduce their establishment and growth as shown by density-
dependent mortality in the two weeds (Chapter V & VI), The
high juvenile mortality caused by the environmental constraints
has also been reported in other gpecies by earlier workers
(e.g. Williams, 1970; Hett, 197%1; Sarukhan & Harper, 1973;
Bazzaz & Harper, 1976; Yadav & Tripathi, 1981; Silvertown &
Dickie, 1981), Pelton (1962) has identified various factors

causing seedling mortality. In the present study vegetation
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cover, predators, moisture stress and reduced light appear to

be the major factors contributing to heavy seedling mortality.
The role of vegetation cover in seedling mortality is clearly
established by the greater survivorship of G. ciliata and

G. parviflora in cleared plots (Chapter IV). The release of alle-
lochemics:: from E., riparium (Chapter IV), application of v
2,4~D (Chapter VIII) and predation by the slugs (Chapter VII)
also éffected the seedling survival of the two species. These
observations indicate the role of these factors in population

regulation of the Galinsoga species.

The mortality of individuals continues even after the
establishment of seedlings as indicated by Deev?Y's Type II and
III survivorship curves. The mortality beyond seedling stage
may be largely due to severe competitiqn offered by the growing
vegetation and low temperature in winter season. In experimen=-
tal condition too, both weeds exhibited severe mortality at Low
moisture regime which was exaggerated at high population
density (Chapter V), Thz suppressive effect of associates was
so much that none of the seedlings of G. parviflora survived
over a 5-months study period. The increasing density of
associates caused 20% reduction in light intensity which in
turn might have resulted into severe mortality in the two weeds
in cropland situation. The large effect of light is also
confirmed by the severe plant mortality (especially in
G. parviflora) observed:lunder the reduced light (Chapter VIII),
Phis is in agreemént with observations of Tamm (1956) and Singh

(1980) indicating poor establishment and survival in certain
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other plant species grown/introduced into established communi=-

ties.

The seedling cohorts of Galinsoga species emerging
earlier showed greater survivofship and longer half-1ife than
the late emerging ones (Chapter III) as has been observed by
Sarukhan & Harper (1973), Hawthorn & Cavers (1976), Weaver &
Cavers (1979) and Weiss (1981) in other plant species. 4
similar observation was made in experimental condition too
(Chapter IV), The chhorts of G. ciliata, however, exercised
more adverse effect on later arriving cohorts, as compared to
that of G. parviflora which indicates the relative importance
of these weeds in‘regulgting'their own populations. Seedlings
of G. parviflora experiénced maximum mortality when grown with
25 days old cohort of G. ciliata which was even larger than
that observed with 50 days old cohort., This implies the age-
dependent fluctuation in degree of interference which explains
the greater survivorship of III cohort of G. parviflora relative
to that of II cohort in the permanent quadrats (Chapter III),
However, an experiment in which both species were grown in
mixture at varied density and soil nitrogen levels reveals that
At lower density the suppressive effect of G. ciliata on
G. parviflora was not marked but as the density increased the
former species caused mortality in the population of latter.
This highlights the importance of G. ciliata in population
regulation of the other species in nature where the two weeds

often grow together in dense populations,
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Sharitz & Mc Cormick (1973) suggested that the biotic
factors regulate the population of Sedum smallii and Minuarfia
uniflora largely through thinning of individuals whereas the
abiotic factors through stunting of individuals, However, in
the present study it was observed that the populations of both
specvies of Galinsoga are regulated through heavy mortality
caused by both biotic and climatic influences. The seedlings
that manage to survive the unfavourable conditions, responded
to biotic and abiotic factors mainly through plasticity in

rest of their lives.,

Density had a negative effect on growth of G. ciliatg
and G. parviflora. The reduced seed output/input ratio in
crowded populations (Chapter V) indicates the self-regulation
of populations of the two weeds. Further, the decrease in per
plant yield and seed output of the twovweeds due to crowding,
as has also been observed by other workers in several other
species (e.g. Yoda et al., 1963; White & Harper, 1970;
Myerscough & Marshall, 1973; Tripathi & Gupta, 1980; Tripathi
& Yadav, 1982), indicates the role of density in their popula=
tion regulation. A comparison of responses of the two weeds to
increasing density reveals that G. parviflora is more suscepti-
ble to crowding as it showed relatively greater skewpggs in |
frequency distribution of biomass and capitula nﬁmber as
compared to the other species (Chapter VI). A plastic reduction
in crude reproductive'effort (CRE) of G. parviflora due to
density increase also supports its greater susceptibility to

crowding. Conversely, the CRE of G. ciliata increased with
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density, suggesting that with increase in severity of competi-
tion it devotes more resources to reproduction, a response
exhibited by other species under stressed condition (Gadgil &

Solbrig, 19723 Hickman, 1975).

.The available soil moisture plays an important role in
population regulation of the two species which reduced the seed
output and biomass production so much that the interacting
effect of density became negligible. However, the two weeds
showed better growth and seed output in sandy loam soil at high
moisture regime (Chapter V), thus indicating the role of soil
texture and moisture in population regulation. Trivedi &
Tripathi (1982b) have also observed better growth of Spergula
arvensis in sandy soil at high moisture regime. The study
pertaining to interacting effect of soil nitrogen and popula-
tion density on seed production of the two weeds reveals that
at low nitrogen level seed output of the two weeds declined at
high population density, while at high nitrogen level
G. ciliata showed constant increase in seed output with density
(Chapter VI) indicating that on nitrogen rich habitats increase
in population density does not restrict the seed production by

G. ciliata.

Seed germination and seedling growth of both weeds was
retarded when either treated with aqueous extracts of . :
E. riparium or grown in soil amended with plant residue of
E. riparium (Chapter IV)., The poor growth of radicle and
plumule caused due to inhibitory action of E. rigar%gg might
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render the Galinsoga species weak enough to compete against

Es riparium, and as such, the competitive and allelopathic
effects of E. riparium would be a key factor in regulation of
Gglinsoga pdpulation. In natural populations the feeble growth
and increased death of seedlings of the two species of Galinsoga
introduced or. emerged in close vicinity of E. riparium méy be
partly attributed to the allelopathic effects of E. riparium,
It is likely that some other plant species might also be
involved in regulating the populations of Galinsoga species -
through chemical means, but this remains to be investigated.
However, there is enough evidence to show that allelopathy is
an important factor in population regulation (Friedman et al.,
1977; Parker & Muller, 1979; Rai & Tripathi, 1982b). Putnam

& Duke (1974) and Lockerman & Putnam (1979) have clearly demon-
strated the role pf allelopathic effects of cucumbef ( Cucumis
sativus L.) in biological suppression of white mustard and weed
populations.

The herbivore predation on natural populations of the
Galinsoga species caused seedling mortality and reduc:d the
yield and seed output significantly, thus indicating the role
of predation in the population regulation. Whittaker (1982)
has reported a similar decrease in biomass production and plant

survival of Rumex crispus in response to grazing by chrysomelid

beetle.s The results indicate that G. parviflorg suffers more
due to herbivory than G. ciliata. The preferential feeding
of G. parviflora in mixed population not only causced decrease

in its own yield but it also provided a competitive advantage



160

to co-existing G. ciliata. This is confirmed by less Than one
RYT value (RYT <1) in the unprotected plot compared *o RYT

greater than one (RYT» 1) in protected plot. G. ciliata is, of

course, a better competitor as revealed by the data in Chapter
VI, the herbivory confers further competitive superiority on
G. ciliata over G. parviflora in natural populations, where the
former species was more dominant even in moderately dense pOpu—
lation, The visual observation of Babu (1977) on the relative
abundance of the two species in nature is confirmed by the

present study.

The study pertaining to interacting effect of light and
2,4=D concentrations (Chapter VIII) showed that although
G. giliata is greatly susceptible to 2,4-D, and G. parviflora
to light, both the species exhibited poor growth when grown in
bright light conditions and sprayed with high concentration of
2,4~D at seedling stage. This suggests that effective control
of these two species of Galinsoga by 2,4-D is possible only when
an appropriate concentration of 2,4-D is sprayed at early stage
of plant life on sunny days. The application of 2,4-D at
flowering stage of the@®@weeds is also significantly important as
it caused greater loss of seed viability as compared to the
herbicide application at seedling stage. Any factor, force or
treatment that adversely affects reproductive parameters becomes
important in so far as the population growth in successive

generations is concerned.

The responses with reference to vegetative growth exhi-

bited by these weeds to light seems to be quite adjusted to
thelir natural habitats, G. parviflora a weed of cropland and

disturbed wasteland eemarringin nature as subordinate of
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co-existing G. giliata which showed luxuriant infestation.
Besides other factors, a substantial decrease in leaf area
ratio of G. parviflora due to decrease in light intensity
explains its feeble growth and greater susceptibility to asgem:

’

¢iates in the croplend due: to increased plant density during
seéond year of study (Chapter III),

Although both species of Galinsoga produce enormous
seeds every year, their natural populations do not seem to show
proportional increase in size, indicating that various abiotic
and biotic factofs of enviromment operate at different growth
phases to regulate their population size. The two weeds
responded to these factors both through mortality and plasticity.
G. ciliata showed lesser mortality and also absorbs greater
dénsity and light stress as compared to G. parviflora (Chapter

V, VI & VIII), while the later, besides showing greater morta-
1ity and susceptibility to crowding and light was also prefer-
red more by the herbivores (Chapter VIE). Thus, G. parviflora
population being more susceptible to herbivory and light stress
and density increase is less successful than G. ciliata as
indicated in the foregoing paragraphs. However, thé competi~-
tive superiority of G. ciliata over G. parviflora does not
effect G. parviflora so adversely as to cause elimination from
the mixed populations. Obviously, the interacting influence of
several other factors (including competitive effect of other
associated plant species on G. ciliata) must be regulating the

populations of the Galinsoga spp. in a complex manners:
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The two weeds being the members of plant communities
‘growing on highly disturbed wasteland and cropland habitats
appear to have developed a strategy to cope with the prevailing
frequent disturbances (e.g. road construction in wasteland and
weeding and herbicide and fertilizer application in cropland),
by producing as many as three seedling éohorts in a single year,
all of which are capable of completing the life cycles success-
fully within a short pefiod if the conditions are favourable,
The existence of the three cohorts appearing at different times
of the year also ensures the successful perpetuation of the
Galinsoga spp. in the event of unfavourable conditions prevail-
ing over a part of the year. In absence of biotic disturbances,
as was the case in the permanent quadrats, both weeds exhibited
poor growth indicating that the populations of the two weeds are
also characterised by the properties of self regulating systoms
imposing restrictions on the population growth beyond an optimum

level,

(Although sufficient information on various aspects of
population regulation of G. ciliata and G. parviflora has been
provided by the present study, it is felt that studies pertaining
to population behaviour of the biotypes, of the two weeds, if
any, in relation to climatic, cedaphic and biotic factors, adap=
tive significance of seed polymorphism in population dynamics .
and a detailed study on the dynamics of the seed population in
soil and identification of the factors affecting the soil seed
bank might provide more clues with respect to the population

regulation of these two weeds.



Summary




163

The present investigation deals with the dynanics and
regulation of population of the two common annual weeus

(Galinsoga ciliata (Raf.) Blake and G. parviflora Cav.) of

Meghalaya. 4an attempt has been made to identify somes of the
major factors which contribute to regulation of their popula-
tion. Both species of Galinsoga are exotic, short-lived herbs
of family Asteraceae and grow luxuriantly at higher altitudes
(from 950 to 1750 m) in the hilly areas of the North-Eastern
region. Besides being the weed of disturbed wastelands, they
also infest the cropfields and kitchen gardens causing reduc-
tion in productivity of hi1l agro-ecosystems. Apart from their
abundance and economic importance, the two séecies of Galinsoga
are also quite interesting from ecological view point. They
represent sympatric, closely related pair of species with
synchronous life cycle which is completed within two months.
Thus, a study on the population dynamics of the two Galinsoga
Spp. Were carried out from April 1980 to December 1981 in field
situations, andi%he effect of various factors such as associa-
ted vegetation, their own adult plants, predation, seed sowing
density and pattern,population density and soil texture, soil
moisture, soil nitrogen and light intensity and 2,4~D applica=
tion on the population behaviour of these weeds was studied. A
brief summary of the results on the various aspects is givenv

belows

1) DPopulation dynamics of the seedling cohorts as influenced

by site conditions and date of emergence:

Seedling emergence, survival and reproduction of the two
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Galinsoga spp. were studied in permanent quadrats on cropland
and wasteland sites by following the fate of individuals at
short and regular intervals. Both the weeds are characterized
by the presence of the three seedling cohorts emerging in April,
May and August ia 1980, and March, April and July, 1981. The
seedling cohorts exhibited Deevéy's Type II and III survivorship
curves which were further influenced by site conditions and by
date of emergence., In 1980, the seedling emergence, survivor-
ship and seed output of the two weeds were greater on the crop-
lahd site than on wasteland, but in the following year a
reVerse trend was observed. Generally, the late emerging - L
cohorts were less successful tham<the earlier emerging ones.

The increased density of the associates in the cropland
situation during second year of study caused 75% reduction i
seed output per plant of G. parviflora while the other weed did

not show such plasticity.

ii) ZEffect of associated vegetation and their established

cohorts:

(a) The effect of associated vegetation was evaluated by intro-
ducing the seeds and transplants of the two species in vegeta-
tion-cleared plots and uncleared plots. The results obtained
suggest that the associated vegetation causes spectacular
reduction in seed germination and survivorship and growth of the
seedlings of the two weeds, the effect being more on the
seedlings than on the transplants. Some of the seedlings of

G. ciliata could manage to survive over 5 month study period,

while the growth of the other species was reduced so much that
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the survivorship of its seedlings was nil which indicetes the
differential susceptibility of the two weeds to resource compe-

'tltl on,

(b) Allelopathic effect of Eypatorium riparium : Allelopathic
effect of Eupgtorium riparium Regel, a dominant ruderal weed at
higher altitudes of Meghalaya wasbalso gtudied on the population
of the two Galinsogg species, Seed germination and further
growth of seedlings of Galinsoga spp. were suppressed by the
aqueous extract and ieachate of E. riparium. The suppressiwa
effeét was often correlated with the concentration of the
extract and leachate. The seed germination and vegetative énd
reproductive growth of the two weeds also declined considerably
in the experimental pots which were filled with the soil

either collected froﬁ the close vicinity of E. riparium stands
or amended with the plant restdue of E. riparium.

(c) Effect of established coharts of the Galinsoga spp.: In
pot culture experiment, the late arriving cohorts of both weeds
exhibited poor seed germination, survivorship and growth on
account of competition from their established cohorts. The
suppressive effect of the established cohorts'was a direct
function of their age. However, the established cohort of

G. cilggtg exercised greater suppression than the other gpecies.
25 days old cohort of G. ciliata caused maximum suppression in
growth of the late emerging individuals of G. parviflora. There
was considerable reduction in biomass, number of capitula and
seed output of the young cohorts when grown in close proximity

of their established cohorts,
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iii) =ffect of sowing density, sowing pattern and soil moisture

and texture:

The population response of the two Galinsoga spp. was studied in
relation to sowing pattern {(clump or scattered pattern), sowing
density and soil moisture and texture. In a given sowing
pattern, seed germination of both species declined with increase
in sowing density and moisture stress. However, sowing df sekds
in clumps and an increased proportion of sand in soil enhanced
the germination. The weed population raised from scattered
pattern of sowing experienced less mortality than those in
clumped distribution. Plants grown at high moisture level
matured earlier, and fertility of the survivors was negatively
correlated with both density and moisture stress in both species

although G. ciliata was less affected.

Seed output and dry matter yield per pot of both species
increased with population density but the increase was not
linearly related to the increase in plant numbers. Howe#er,
density-~induced reduction in seed output was observed at high
densities./fgu ciliata appears to tolerate greater density-

stress thén_g. parvifiora., A substantial decrease in produc-

tion of capitula, seeds and dry matter at low moisture level
indicates the role played by soil moisture in regulating the
population gpowth of the two weeds. An increased proportion of
sand in’soil resulted into significantly greater seed produc-
tion in G. parviflora., G. ciliata also showed a similar trend

although the differences were not :statistically significant.
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iv) Effect of density and soil nitrogen on pure and mixed

populations of the two weeds:

The effect of density and soil nitrogen on population regulation
of Galinsoga spp. was studied in their pure and mixed stands,
Unlike lower densities, at high densities both weeds exhibited
some mortality which tended to increase with increase in soil
nitrogen. G. ciliata =rhibited better survival in mixture than
in pure, while G. parviflora showed the reverse trend., The dry
matter yield and seed 6utput under the various tréatments
revealed that G. ciliata is less sensitive to density increase

than G. parviflora, With increase in population density both

weeds showed increased skewness in per plant biomass and
capitula production, but in nitrogen-rich habitats the density
effect was relatively mild. At lower densities, both weeds
grew better and produced more seeds in mixture than in pure,
but at high denstiies G. ciliata became dominant over

G. parviflora, The crude reproductive effort was, however, not

appreciably modified due to soil nitrogen and stand nature.
The reproductive allocation in G. ciliata increased with density
increase while in the other species, a drastic reduction in

reproductive allocation was evident at high densities.,

v) Effect of herbivory on competitive interation and growth

— a7

of the two weeds:

Effect of natural populations of the slug (Mariaella dussumieri
Gray) and other herbivores was studied on the pure and mixed

populations of Galinsoga spp. in field conditions. Precdation
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caused heavy mortality, especially in G, parviflora, Except

in G. parviflora grown in the mixed population, the two weeds

produced greater number of leaves under predation pressure but

the leaf area decreased drastically. G. parviflora was,

however, more susceptible and the flowering and fruiting in
this species was also deléyed due to herbivory, Predation
caused substantial reduction in seed and dry matter production
of both the weeds, but the effect was more in G. parvifilora.
In both weeds the resource allocation to leaves was reduced
due to herbivory but the root allocation was reduced only in

G. parviflora, The preferential feeding of G. parviflora

reduced its competitive fitness in the mixed population,

vi) Effect of light intensity and 2,.4-Ds

The p0pulation response of the two species of Galinsoga was
also studied in rélation to light intensity and application of
2,4=-D, Although plant survival and growth of the two weeds
were adversely affected by reduction in light intensity and .
increased concentration of 2,4-D, G. ciliata was more suscep-

tible to 2,4~D and G. parviflora to light. G. ciliata exhibi-

ted increase in leaf area ratio under reduced light regime
while G. parviflora showed drastic reduction. The effect of
2,4-D was direct function of its concentration, which was
modified by the light intensity and age of plant at which the
herbicide was applied. The application of 2,4-D at seedling
stage under high light regime caused heavy plant mortality and
growth reduction in both the weeds, while the application of

2,4-D at flowering stage caused severe seed mortality.
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The study reveals that various abiotic and biotic
factors of environmment as mentioned above, influence the two
Galinsoga spp. at different growth phases and the complex
interaction of these factors regulate the growth and maintenance
of their populations. Although the two weeds respond to these
factors both through mortality and plasticity, G. ciliata is
less susceptible., This might confer an advantage on it in

competition with G. parviflora in mixed populations in nature,

Further, the two species being members of the plant communities
of highly disturbed habitats like wasteland and cropland, apnear
to have adapted to the prevailing habitat conditions by
producing enormous sceds every year which ensure their continued
survival, Besides, the production of as many as threcce seedling
cohorts in a single year by both the weeds may be viewed as
another strategy to offset the risk they have to face in a
habitat that is highly disturbed and where they face constant

threat of removal by weeding and other agricultural practices.
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